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ABSTRACT

This report considers the effectiveness of current noise regulations in
Appendix F of FAR Part 36, examines the potential effectiveness of future
technology to achieve further noise reduction, and evaluates a number of new

concepts for noise certification procedures for propeller-driven small aircraft. The
latter were based, in part, on results of a flight test program carried out with

Cessna.,ircraft Company, to evaluate the utility of takeoff noise tests and the
possible use of sound exposure level as a suitable metric for noise certification of
the subject aircraft.

The study indicates that existing regulations have been effective in stimu-
lating development of quieter propellers for the existing fleet of propeller-driven

small aircraft. However, it does not appear economically feasible to achieve more
noise reduction in most of this fleet using existing technology with the possible
exceptions of some of the two-engine aircraft. However, application of future
noise reduction technology, primarily for quieter propellers, should allow a

reduction in current noise limits by about 6 dB and should reduce levels of the
noisiest aircraft in the current fleet by as much as I 0 dB.

A takeoff test is appropriate for all propeller aircraft except those equipped
with cruise-optimized fixed-pitch propellers. For this test, the current level

flyover test appears to represent the noisiest operating condition. Sound exposure
level is applicable as a preferred noise metric to be applied to all propeller
aircraft, regardless of gross weight providing, in part, the basis for removal of the

discontinuity between Appendix F and Appendix C. It is estimated that current
regulatory limits for small and large propeller aircraft could be translated to a

single consistent takeoff sound exposure level limit of approximately 90 dB as
measured under the takeoff flight path at 2.5 km from brake release.
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1.0 INTROOUCTION

1.1 History of Noise Regulations for Small Propeller Aircraft

The noise abatement regulatory program of the Federal Aviation

Administration was initiated in 1969 by means of Federal Aviation Regulation,

Part 36 - Noise Standards: Aircraft Type Certification, published in Federal

Register 34 FR 18355, November 18, 1969. The regulation at that time prescribed

noise standards for the type certification of subsonic transport category civil

aircraft, and subsonic turbojet-powered civil aircraft of all categories.

Since 1969, the regulation has been amended on a continual basis to take

account of, and to ensure the enforcement of, new technology which would lead to

an improved noise environment around airfields. In addition, amendments have

been adopted to inchjde other categories of the civil aircraft fleet such as

supersonic aircraft and propeller-driven small aircraft. Noise regulations for the

latter, first adopted ais Amendment 36-4 on December 31, 1976, were a result of

the Federal Aviation Act of 1958 (49USC 1431), amended by the Noise Control Act

of 1972 (PL 92-574), which mandated FAA to consider noise regulations for each

particular type of aircraft. NPRM 73-26, published by FAA on October 10, 1973,

set in motion this rulemaking process which culminated in Amendment 36-4 to

FAR Part 36 which prescribed:1

"... noise standcrds for the issue of normal, utility, acrobatic, transport, and
restricted category type certificate for propeller-driven small airplanes; to
prescribe noise standards for the issue of standard airworthiness certificates
and restricted category airworthiness certificates for newly produced
propeller-driven airplanes of older type designs; and to prohibit 'acoustical
changes,' in the type design of those airplanes, that increase their noise levels
beyond specified limits."

This amendment applied to the above categories of aircraft with maximum

takeoff weights of up to and including 12,500 lb. Simultaneously, with the issue of

this new rule, FAA also issued an NPRM relating to EPA's proposed version of noise

certification rules for small propeller-driven aircraft. Subsequently, following a

review of the proposed EPA version, some revisions to the FAA rules were

published as Amendment 36-6, 2 effective January 24, 1977. No substantive

revisions have been made since.3 However, subsequent to the Sixth meeting of the

Committee on Aircraft Noise in June 1979, Working Group C of the International

1l



Civil Aviation Orgarization (ICAO) has been involved in discussions of possible
further refinements in these rules. 4  (Chapter 6 and Appendix 3 of Annex 1 6,
adopted by ICAO in Amendment 12, April 1974, has very nearly the same noise rule
for small propeller aircraft as adopted by FAA. Until recently (1981), the ICAO
rule had a requiremtfnt for "maximum continuous power" as the test condition, 5

whereas FAA requires, according to Amendment 36-6, "not less than the highest

power in the normal operating range .. ." as the test condition. Both ICAO and
FAA rules now requir.! the latter power settings.)

At present, thrrefore, the general concept and rulemaking basis of the

existing FAR (and ICAO) regulations for noise limitation of small propeller-driven

aircraft is that of the state-of-the-art (in technology and available noise certifi-
cation procedures) which prevailed during the 1973 to 1975 time period, with

constructive reconsideration during the formulation of Amendment 36-6 during

1976. Since that time, considerable experience has been obtained in the implemen-

tatin of the regulation and in the response of the aircraft industry to meeting the

noise limits imposed by the regulation. Further, the noise limiting procedure

adopted in the regulition is now applicable (as of January I, 1980) to all newly-

produced aircraft wit in the scope of the regulation.*

With the benefit of this experience and with a view towards future needs in

the amendment of regulations, FAA is currently engaged in a program of

evaluation of the current regulation for small propeller aircraft and of possible

changes. This report represents part of that evaluation process and is a result of
studies performed by contractors under the guidance of FAA's Noise Policy and

Regulatory Branch, Noise Abatement Division.

1.2 FAR Part 36, Appendix F, Procedures

The application of the regulatory procedure for noise limitations of small

propeller-driven aircraft is described in Appendix F of FAR Part 36, which

prescribes limiting noise levels and procedures for measuring noise and correcting

noise data for the specified aircraft.

FAR Part 36, Appendix F is reproduced for reference purposes as Appendix A

to this report. The following is a brief outline of those parts of the Appendix •,-ich

will be further examined in later sections of this report:

Excepting agricultur3l and firefighting airplanes employed in the use for which
they were designed.

2



I. The procedures require that a minimum of six level flight flyovers be

performed at a height of 1,000 ft (+30 ft) above ground level. The

power setting of the aircraft during these flyovers should not be less

than the maximum in the normal operating range of the aircraft. (This

is now commonly referred to as "maximum normal operating power"

(MNOP).)

2. Noise measurements are to be obtained, during the overflights, in terms

of the Maximum A-weighted Sound Level, in decibels, using slow

averaging meter response, during the overflights.

3. Sufficient flights (at least six) shall be performed to establish the

arithmetic average of the measured maximum A-weighted sound levels

with 90 percent confidence limits of 1.5 dB or less.

4. The measured average maximum A-weighted sound level must be

corrected by a calculated performance correction factor:

R/C 50

AdB 60- 20 log10 ((11,430 -DS0) - +s5)
y

which is algebraically added to the measured level. This correction

must be calculated using

D50 = Takeoff distance (in feet) to 50 ft obstacle height at maximum

certificated takeoff weight,

R/C = Certificated best rate-of-climb, and

V = Speed for best rate-of-climb, in same units as the best rate- of-Y
climb.

Where D5 0 is not listed as approved performance information, the

values of 2,000 ft for single-engined aircraft and 2,700 ft for twin- or

multi-engined aircraft, must be. used.

5. The correction factor is limited to 5 dB.

In essence, therefore, the procedures of FAR Part 36, Appendix F for small

propeller-driven aircraft are directed to measuring the maximum sound level which

would be typically experienced during 1,000 ft height overflights by aircraft

3 L. . . . .. -. . .



operated at the maximum normal operating power setting for such flights. The

* incorporation of a tak. off performance correction factor to this measured level is,

in reality, an allowunce for the fact that under best rate-of-climb takeoff

procedures, many aircraft will achieve a height greater than 1,000 ft when

reaching a distance of 11,430 f t (3.5 kin) from its brake release point on the

departure runway. The performance correction is equivalent to, and derived from,

a simple inverse square law correction,

A dB = -20log 10 ( I 00

where h is the expected aircraft height at 3.5 km (11,430 ft) from brake release.

The topics to be addressed in this report are primarily concerned with the

effectiveness of the above procedures as a means of regulating aircraft noise,

taking account of the experience gained to date in their implementation.

1.3 FAR Part 36, Appendix F, Noise Level Limits

All aircraft which are required to comply with FAR Part 36, Appendix F, ais

part of their type certification must comply with noise level limits based on the

maximum certificated takeoff weight of the aircraft. These limits are shown

graphically in Figure I and apply to the measured sound levels obtained by test and

corrected according to the performance correction procedure as described

previously.

As shown in Figure I, the noise limiting process has a time phased application

which depends on the date of application for a type certificate. The basic limit set

by the regulation applied to aircraft for which application for a type certificate

was made before October 10, 1973. This limit was 68 dB(A) for aircraft withI
weights up to 1,320 lb, increasing at a rate of I dB/165 lb to a limit of 82 dB(A) at

3,630 lb, and constant at 82 dB(A) for weights from 3,630 lb up to and including

12,500 lb. The second criterion applies to aircraft for which a type certificate

application was made on or after January 1, 1975. This second noise limiting

criterion restricts the noise from aircraft with weights from 3,300 lb to 12,500 lb

(inclusive) to a maximum of 80 dB(A). It is also applicable to all production

aircraft which did not have any flight time before January 1, 1980.

The FAA noise limits were established in 1974 after considerable public

discussion of technical practicability and economic reasonableness.'I Alternative

4



FAk Part 36 Appendix F Noise Limits
82 - (a)82 ,

80 - (b)

78

76

74

72
LAMa Approximately equivalent

dB(A) 70 - to EPA Proposed Limits 0)

dBA) 70EPNL 89 -15log W'~0
68

66-

64

62

0 5,000 10,000
Maximum Takeoff Weight (Ib)

Notes: FAR Part 36 Appendix F Noise Limits Applicable When

(a) Type certification applied for on or aft, r October 10, 1973;

(b) Type certification applied for on or after January 1, 1975, and for
Production aircraft with no flight time before January 1, 19W.

Figure 1. FAR Part 36 Noise Limits for Propeller-Driven Small Airplanes
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proposals for regulatory noise limits were made by EA6during subsequent
reviews. The EPA proposed more stringent noise limits, expressed in more complex

noise units of EPNdB which require spectral analysis of flyover noise histories and
the application of duration corrections. An approximation to the EPA proposal for

aircraft with type certification after January 2, 1980, is shown in Figure I for

comparison purposes. This proposed limit was expressed as

EPNL = 89 - 15 log 0 2,500/W), EPNdB

where W is the aircraft maximum certificated takeoff weight, in pounds.

The approximation shown in Figure I is based on a relationship between

EPNL, LA Max and aircraft weight derived from data presented by EPA. 6

The primary objection to the EPA proposals was that they would incur an

unreasonable economic burden on the manufacturers, purchasers, and operators of

future aircraft. FAA agreed with these objections and retained the current noise
limits with a proviso 2 that these limits could be lowered "according to the

development of technologies and to the cost-effectiveness of prescribing those

(lower) noise levels."

1.4 Study ObJectives aWi Methods

The purpose of the present report is to examine (a) the effectiveness of the

current noise regulation for small propel lei-driven aircraft, and (b) alternative or

supplementary procedures that would ensure that new cost-effective technologies
are utilized to achieve noise reduction in new aircraft designs.

As was the case during the introduction of Amendment 36-4 which first

presented noise standards for the propel ler-dr iven small airplanes, any further
amendment which affects the marketability of aircraft will be subject to close

scrutiny by the industry and others. It is clear, however, that experience gained by
the industry in meeting Appendix F current regulations will provide a more

realistic basis for the evaluation of any new regulation. Further, work on
examining potential amendments to the regulation has been ongoing for some

years, by FAA, ICAO, and by the industry. Another factor of high significance is
that a considerable amount of research has been performed in recent years to aid

the development of general aviation technology. Most of this work has been

6



performed since the introduction of Appendix F noise regulations, and while

directed more towards improving the efficiency and fuel economy of general

aviation aircraft, significant advances have been made in the understanding and

control of the predominant noise sources of these aircraft.

In pursuing the objectives of this study, therefore, the work reported herein

relies heavily on examining the experience gained by industry over the post 5 to

10 years, the effectiveness of the FAR Part 36 Appendix F in causing this

experience to be translated into the design of quieter aircraft, and the current

state-of-the-art in developing new technology which has potential for further noise

reduction of the small airplane fleet.

The first of these, the effectiveness of the current noise regulation, is

examined in Section 2 of this report by reference to industry's response to the

regulation and what this response means in terms of noise levels around airfields.

Results from a demonstration flight test program are used to examine the

relationship between level flyover and other flight modes. These are further used

to develop a takeoff noise simulation model which is then applied to a data base of

aircraft comprising 90 different aircraft types of the currently noise-certificated

fleet. The need for change in regulation is examined in Section 2.3 and, as a

guideline to fulfilling this need, the requirement for noise controls to be design-

oriented rather than by operational restrictions is discussed in Section 2.4.

Section 3 of this report examines the ability of noise control technology to

provide cost-effective noise reductions. This is first summarized in an overview of

the state-of-the-art. This overview is followed by examples of the application of

current technology, which requires selection from a matrix of "off-the-shelf"

propeller hardware. In this evaluation, three baseline aircraft were analyzed by
means of a Cessna Aircraft Company computer program for aircraft design sizing.

Each analysis examined variations in propeller diameter, activity factor, blade

number and rotational speed (rpm), and their resulting effects on Appendix F

flyover noise levels and aircraft performance characteristics. The potential noise

benefits of new (advanced) propeller technology is evaluated in Section 3.3. This

evaluation is based on recent published analytical studies of propeller noise, which

employ the most up-to-date noise prediction methodology. While these studies

have yet to be validated by experimental proof of their findings, they have the

7



benefit of introducing the elaborate detail of airfoil and pressure loading charac-
teristics into the noise evaluation process. This is a significant advancement over
earlier methods, which dealt only with the gross characteristics of propellers. The

overall findings of this evaluation of noise control technology is summarized in
Section 3.4.

Section 4 of this report examines the potential for amendment of the noise
regulations for propel ler-driven small airplanes. Three particular aspects of the

regulation are investigated. First, the potential of adding a takeoff test procedure

is considered. Second, the study considers the use of different noise metrics, such
as those which include noise duration characteristics in the evaluation, those which
are more amenable to measurement by direct-read instrumentation, and those

which are more compatible with the environmental noise indices which are now in
use. Third, the problem of continuity and compatibility between FAR Part 36
Appendix F and Appendix C is examined. This problem of continuity occurs for
aircraft which may have maximum certificated takeoff weights in the region of

12,500 lb such as are currently being considered for 16-20 passenger commuter
missions. Recent studies have indicated that design optimization for specific
mission scenarios could affect the weight parameter sufficiently to cause a change
in the applicable noise regulation. Clearly, any discontinuity in noise rules should

be avoided, especially when it may detrimentally affect design optimization. The
results of the above three-part examination of the noise regulation are summarized
in Section 4.4 using the simulated model of takeoff test procedures. In Section 4.4,
the takeoff noise levels are predicted using a conversion from the maximum

A-weighted sound level, LA Max, to the corresponding time-integrated metric,
sound exposure level, SEL (or L AX, in ISO terminology). Graphic presentations are
then given of the expected trends of these modified noise levels with respect to
aircraft weight and measurement location (i.e., distance from takeoff brake
release).

Section 5 of this report summarizes the primary findings of the study, and the
conclusions which result from these findings. Appendices B and C contain
summaries of test data (Appendix B) and computer analysis data (Appendix C)
acquired during the performance of this study. The former comprises noise level
and aircraft performance data obtained during flight tests of Cessna 1 72P, 21ION,

8



and 402C aircraft in level flight, takeoff, and simulated V yclimb conditions at
Sunflower Airfield, Kansas. Direct-read integrating sound level meters and
Nogra IV SJ tape recorders were used in each case to obtain measurements of
LAMOX, LAX, and L eq at two measurement sites and at heights above ground level
of 1.2 m and 10 m. These data are used extensively throughout this report.

Appendix C is a compilation of example computer data, supplied by Cessna
Aircraft Company, resulting from their use of the Cessna Aircraft Sizing Program
to evaluate various changes in propeller design applied to a Cessna 210N, 414A, and
a 441 aircraft. The data show the influence of propeller design changes on flyover
noise level, takeoff performance, and cruise performance. These are reviewed and
discussed in Section 3.2 of this report, as previously mentioned.

Finally, Appendix D provides estimates of the trends in noise impact of
general aviation aircraft in support of the discussion on need for source noise
control and Appendix E presents a brief example of the tradeoff involved between
aircraft engine power and airframe weight to maintain a constant takeoff
perf ormance.

9



2.0 EFFECTIVENESS OF THE NOISE REGULATION

2.1 Industr)As Response to the Regulation

Industry's awareness of the likelihood of a noise regulation applicable to
propeller-driven small airplanes started in the late 1960's during the rulemaking
process for FAR Part 36 noise standards for subsonic transport category and
turbojet aircraft. In fact, the industry began to intensify its efforts to control
noise of the general aviation fleet in 19717 with a significant amount of flyover

noise testing of its existing aircraft and with experimentation on changes of
propeller and engine installations. Many of these initial programs were to some
extent based upon propeller noise control guidelines derived from noise prediction
methods developed during the 1940-55 period. These methods were directed
mainly to the control of lower frequency harmonic noise content and empiricized
the so-called "vortex noise" which occurred at higher frequencies. It was rapidly
found that these guidelines were totally inadequate for design purposes to meet
future potential noise limits, especially if the limits were expressed in subjective
noise metrics such as the A-weighted sound level. Very little analytical research
on propeller noise was in progress during the early 1970's, most research being
devoted to helicopter and turbofan noise programs.

The industry, faced with impending regulations, therefore embarked on

experimental programs to determine

a. the noise signatures of its current fleet of aircraft, and

b. new guidelines for noise control.

By 1974, when the FAR Part 36 Appendix F was adopted, the industry's
experience was still inadequate to resolve the major problems of system design and
most aircraft noise control programs were based on trial and error. In 1976, the
General Aviation Manufacturers Assocation (GAMA) produced a review document 8

on research and development work performed by the industry during the preceding
2 years. This review illustrated clearly that while very few of the design problems
had been solved, some clarification of the complexity of the problems had been
achieved. One of the most notable results was that blade thickness was found to

play a significant role in the A-weighted sound level of flyover events. Otherwise,
the basic design objective remained that of reducing the blade helical tip speed
with minimum penalty in takeoff performance.

10



Since 1976, two separate approaches have been made to improve the design
prediction aspects of propeller aircraft noise. These are reviewed in Sections 3.2
and 3.3 of this report as part of an assessment of noise control technology.
Basically, the first approach was by empirical analysis of certification noise data
acquired throughout the 19701s, for example, by Cessna Aircraft. 9' 10 The second
approach was by use of improved analytical theory for sound radiated by propeller
blade airfoils. The application of this latter approach has been oriented towards
theoretical studies of propeller designs using improved airfoil sections, blade
plciiform and thickness changes, and relatively new concepts such as blade sweep
and proplets (tip plate devices). These have been primarily studies by NASA and
universities, and have not, as yet, been used as design input by the industry.
Industry's experimentation with some of these new concepts, such as the Q-tip
(proplet), elliptical planf arm blade tips and supercritical airfoils has been generally
unsuccessful.7 Experimentation with blade number changes, as shown by the data
compiled in Table 1, were performed to find combinations of blade number,
propeller diameter and rpm which would not significantly degrade the operational
characteristics of the aircraft - this being a major factor in safety and in
competitive marketing. Hence, half of the three blade test versions shown in
Table I were operated at higher blade tip speeds than the two blade versions and
show no benefit in noise reduction. However, the change to a three-bladed
reduced-diameter propeller allows the FAR noise limits to be met at engine rated
rpm (rather than at a reduced rpm) which is a major factor in aircraft operating
specif ications.

Reference to Figure 2, from Reference 7, shows that between 1972 and 1980
the industry steadily increased its data base of test results and ensured that all
current production aircraft met the 1980 noise limit by the due date. A similar
presentation is shown in Figure 3 for aircraft produced by Cessna Aircraft Pawnee
Division.

An indication of the methods employed to meet the 1980 limit is shown in
Table 2, which relates only to the Cessna cases. Of these example cases, the
highest nonrecurring costs have been incurred by engine changes to accommodate
lower propeller rotational speeds. The Cessna 152 now has a higher compression
ratio engine, the Lycoming 0-235-42C, which is the mast recent of the 0-235
series and develops a rated horsepower of 115 skip at 2,700 rpm and 105 skip at
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2,400 rpm. At FAR noise test conditions, it produces I 0shp at 2,550 rpm,
compared with 2,650 rpm of its predecessor. The Cessna 180 and 182 models now
use a Teledyne Continental 0-470-U engine with 8.6:1 compression ratio requiring
IOOLL grade fuel. Both these aircraft were noise tested with power settings of
230 shp at 2,400 rpm, a reduction in rotational speed from 2,600 rpm of the earlier
models. The turbocharged aircraft models, T206, T207, and T210, use a Teledyne
TSIO-520-M/R series engine which can achieve its rated power of 285 shp at lower
rpm by increasing the inlet manifold pressure. Each of these turbocharged aircraft
was noise tested at 2,600 rpm (285 shp); that is, derated from 310 shp at 2,700 rpm.
This trend in engine modification to allow lower rpm to be used at maximum
continuous power is evident in other engine models being produced by the two main
suppliers of piston engines (Lycoming and Teledyne) for propeller aircraft. Geared
piston engines have been mainly limited to use in the twin-engine business aircraft
range, such as the Cessna 42 1.

Table 3 shows (approximate) estimates of the 3-year 1979-1981 costs of
these modifications for each of the aircraft identified in Table 2. These estimates

are based on average monthly aircraft shipments 10 for each model during each
calendar year. On a unit cost basis, the average over all of the models identified
would be of the order of $300 per aircraft. This does not, however, include
industry's costs of performing research and development for noise control purposes.

A new concept appears in the Figures 2 and 3 presentations which has not
been discussed so far. This is the use of "MNOP" as a means of complying with the
regulation. MNOP means "Maximum Normal Operating Power" which directly
relates to the FAR requirement that noise tests be performed "... . at not less than
the highest power in the normal operating range provided in an Airplane Flight
Manual, or in any combination of approved manual material, approved placards, or
approved instrument markings; and at stabilized speed with propeller synchronized
and with the airplane in cruise configuration.. .", etc.

For most of the aircraft models currently certificated under the 1 980 FAR 36
noise limits, this test condition is close to or identical to the "maximum continuous
power" which was the condition specified in the earlier (pre-1981) ICAO Annex 16
regulations for noise certification tests of small propeller-driven aircraft.
However, for those aircraft data points shown in Figures 2 and 3 as "MNOP" cases,
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Table 3

Estimate of Manufacturer's Casts of Noise Control

(Cessna Aircraft Company, Pawnee Division Aircraft)

Total Cast 1980 Dollars (Thousands)

3-Year
Model Nonrecurring 1979 1980 1981 Total

152 488.0 127.0 90.0 61.0 766.0
R172 136.0 62.0 39.0 15.0 252.0

180 125.0 30.0 14.0 7.0 176.0

182 38.0 171.0 101.0 62.0 372.0

185 5.0 175.0 133.0 128.0 441.0

T206 31.0 - - - 31.0

T207 39.0 --- 39.0

T210 38.0 --- 38.0

337 3.0 - - - 3.0

Totals 903.0 J565.0 377.0 273.0 2,118.0
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and for a total of 31 aircraft models in the current production fleet which comply

with FAR Part 36 noise limits at MNOP, the test condition was at a power setting

below maximum continuous power. These cases f all into two categories:

a. where the shaft horsepower delivered to the propeller is lower than that

for maximum continuous power, and at the same rpm, and

b. where both shaft horsepower and rpm are lower than for maximum

continuous power.

In either case, MNOP has been implemented by introduction and specification

of this limitation into manuals, placards, and instrumentation panel markings for

those aircraft, as required by the FAR Part 36 test conditions. Clearly, while

significant noise reductions are achievable at a reduced rpm condition, this also

significantly affects the operational characteristics of the aircraft. The MNOP

modification can therefore be used as a last resort for complying with the 1980

noise limits. It can also reduce operating and maintenance costs.

A major concern regarding the use of MNOP as a means of complying with

the regulation is that the noise test conditions become further divorced from

takeoff power conditions. This subject is discussed in Sections 2.2 and 4.0.

In summary, industry's response to the noise regulation has been successful in

that the current fleet of production aircraft meets the 1980 noise limits for flyover

tests at "maximum normal operating power." While industry set out at an early

stage to follow, and experiment with, the then-available guidelines for noise

control by design procedures, such methods were essentially abandoned in the

mid- 1970's because of their lack of accuracy and consistency. Since the

mid-1970's through the final compliance date of January 1, 1980, significant

success has been achieved in modifying some of the aircraft models which required

noise reductions to comply with the regulation. For others, the concept of "IMNOP"

has been a final option, applied where other methods of noise limitation have not,

as yet, been successful.



2.2 Effect of Noise Regulaions on Nose Levels Around Airfields

While there is no doubt that the current regulation has been effective in
reducing noise emissions from aircraft operating at maximum normal operating

power, there has been some concern regarding its effectiveness in reducing noise
levels in the immediate vicinity of airfields. This concern is evident by the current
consideration of introducing a takeoff noise test to the ICAO Annex 16 regulation.
In very recent years, various individual and collective tests have been performed to
evaluate the takeoff noise case. In 1981, GAMA examined such cases in field tests

performed by its (industry) members.

The present study has been directed towards examining takeoff noise
conditions by means of two separate methods:

a. Flight tests were performed at Sunflower Airfield, Wichita, Kansas,

using three different Cessna Aircraft models in flyover noise tests.
These tests comprised 1,000 ft level flights (similar to those requ~ired by
the existing regulation), takeoff tests commencing from a brake release

run~way marker position, and simulated climbout tests in which each
aircraft performed climbout ait its best rate of climb and at V y(speed

for best rate of climb) through a 1,000 ft height above the noise
measurement station(s).

b. Noise certification data compiled by FAA on Forms 8110-23 (11-76) for

some 90 aircraft models have been used as computer data input to a
takeoff noise simulation model. These input data for each aircraft

comprise, in port,

- Maximum certificated takeoff weight,

- D50, rate of climb, and Vy , as used to calculate the performance

correction in FAR Part 36 Appendix F,

- Propeller rpm and flight speed during the 1,000 ft height flyover

test,

- Measured and corrected values of maximum noise level, LAMax1
dB(A), averaged for the flight tests.

The Use of these data in the noise simulation model is described later. First,
the flight test data are reviewed for information concerning relationships between
level flyover and takeoff condition noise levels.
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2.2.1 Comparison of LA Max Values for Different Flight Modes

A full description of the flight test program and the acquired test data is

given in Appendix B of this report. In this section, reference is made to the

maximum noise levels measured during each of the test flights over the primary

noise measurement station located at 8,200 ft (2.5 kin) from the brake release
marker and on the extended runway centerline. These noise data and their

associated aircraft operating parameters are shown in Table 4. For purposes of
direct comparison, the maximum noise levels are also shown as corrected to a

reference distance of 1,000 ft, using inverse square law to account for the
difference in spreading loss and 1.1 dB/1,000 ft to account for the difference in air

absorption loss (Reference 11) between the test and reference distances. Finally,
an average of these corrected or reference levels for each flight mode is listed.
Table 4(d) summarizes the test data in the format of average values for all flights

for which height, speed, and noise level data were available. These test Cases,
shown for the Models 402C, T2 ION, and I172P in Tables 4(a), (b), and (c), respec-

tively, indicate a very significant result in terms of the relationship between
LA Max and propeller tip speed in both takeoff and level flyover modes. Most
reported experimental data show a direct relationship between flyover noise level

and propeller helical tip speed. However, such data are typical for cases where

rotational tip speed VT and helical tip speed VH are directly proportional, such as
in a series of level flyovers at different rpm settings. The data shown in Table 4

are different in that

a. for the 402C, takeoff V T is higher than that at level flyover, but VH is

lower,

b. for the T2ION, both V T and VH are higher at takeoff than at level

flIyover, and

C. for the 172P, both V T and VH are lower at takeoff than at level flight

conditions.

The variation in flight conditions allows a unique examination of noise level

dependency on VT and VH separately in order to assess the viability of a takeoff
test for noise certification.

First, examination of the model 402C data (Table 4(o)) suggests that the

reference noise levels are not directly related to V H. That is, the takeoff

reference noise levels are higher than those for level flight, despite a reduction
in VH'

20



Table 4

Summary of Flyover Noise Test Data

(Noise Data Measured at 8,400 ft (2.5 km) from Brake Release

Table 4(a): Cessna Aircraft Model 402C

Flight Conditions Propeller Speeds (fps) Noise Level, LAMax, dB(A)

Flight Height Tip Horiz.* Hel. Corr. to Ave. @
No. Mode rpm KIAS (ft) VT VX  VH Meas. 1,000 ft 1,000 ft

I Level 2,600 188 - 867.9 327.9 927.8 81.5 -

2 t " 188 905 " " " 81.5 80.5

3 i " 188 1,049 " " " 79.0 79.0

4 t " 187 956 " 326.1 927.1 79.0 78.6

5 o " 188 - " 327.9 927.8 80.5 - 79.8

6 t " 185 1,000 " 322.6 925.9 81.0 81.0

7 g " 184 1,000 " 320.9 925.3 80.0 80.0 +0.9

8 " " 186 1,012 " 324.4 926.5 79.5 79.6

9 t " 185 - " 322.6 925.9 81.5 -

10 T/O 2700 110 - 901.2 191.8 921.4 83.0 -

II o " 100 - " 174.4 917.9 84.0 -

12 o " i110 760 " 191.8 921.4 84.5 81.9

13 of " 110 875 it" " 82.0 80.7 82.0

14 " " 110 935 " " " 83.5 82.8 +1.0

IS " " 110 790 i 85.0 82.7

Vx, True Forward Velocity (fps) = 1.744 (Indicated Airspeed, KIAS) at test site.
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Table 4(b): Cessna Aircraft Model T210N

Flight Conditions Propeller Speeds (fps) Noise Level, LAMax, dB(A)

Flight Height Tip Horiz. Hel. Corr. to Ave. @
No. Mode rpm KIAS (ft) VT VX  VH Meas. 1,000 ft 1,000 ft

16 T/O 2700 100 824 942.5 174.4 958.5 88.0 86.1

17 " " " 540 " " " 87.5 81.6 82.5

18 of to it 618 " " 86.5 81.9

19 " " " 591 " " " 85.5 80.5 ±2.5

20 Level 2600 156 1,041 907.6 272.1 947.5 79.0 79.4

21 o " 167 1,014 " 291.2 953.2 81.5 81.6 79.5

22 " " 166 1,029 " 289.5 952.7 78.5 78.8

23 " " 166 1,014 " 289.5 952.7 78.0 78.1 ±1.5

24 S/C* 2700 100 922 942.5 174.4 958.5 83.5 82.7 83.3

25 " " " 1,092 " " " 83.0 83.9 +0.8

Simulated Climbout

Table 4(c): Cessna Aircraft Model 172P

Flight Conditions Propeller Speeds (fps) Noise Level, LAMax, dB(A)

Flight Height Tip Horiz. Hel. Corr. to Ave. @
No. Mode rpm KIAS (ft) V T  Vx  VH Meas. 1,000 ft 1,000 ft

26 T/O 2420 75 539 791.9 130.8 802.6 75.5 69.6

27 " 2430 " 610 795.2 " 805.9 74.5 69.8 69.6

28 " 2420 " 552 791.9 " 802.6 75.0 69.3

29 " 2420 " 628 of " 74.0 69.5 +0.2

30 Level 2710 120 1,045 886.8 209.3 911.2 75.0 75.4

31 " 2720 123 1,029 890.1 214.5 915.6 75.0 75.3 75.1

32 " 2650 114 1,029 867.2 198.8 889.7 74.5 74.8

33 " 2705 121 1,000 885.2 211.0 910.0 75.0 75.0 0.3

34 S/C 2410 75 1,000 788.7 130.8 799.5 68.0 68.0 68.9

35 " " " 1,077 " " " 69.0 69.7 +1.2
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Table 4(d): Summary

Flight Height VT Vx VH LAMOX* No. of
Aircraft Mode (f t) ftscd()Tests

402C Level 987 868 325 927 79.8 +0.9 6
TIO 840 901 192 921 82.0 +1.0 4

T210 Level 1,024 908 286 952 79.5 +1.5 4
T/O 643 942 174 958 82.5 +2.5 4
S/C 1,007 942 174 958 83.3 +0.8 2

172P Level 1,026 882 208 906 75.1 +0.3 4
T/O 582 793 131 804 69.6 +0.2 4
S/C 1,038 789 131 800 68.9 71.2 2

Average corrected sound level at 1,000 f t +I standard deviation
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Second, Figure 4, where the average corrected levels from Table 4(d) are

plotted versus tip velocity, suggests that the reference noise levels are consistently

related to rotational tip speed V T, irrespective of flight mode (takeoff, level flight

or simulated climb). For example, for both the 402C and T210 data, the helical tip

speeds were nearly identical for the takeoff and level flyover conditions whereas

the corresponding noise levels differ significantly, and seem more closely related

to differences in rotational tip speed. A predictive trend of this relationship is

derived from Eq.(9) in Reference I I for correction procedures applicable to

propeller noise data, using V T instead of VH; that is,

LA Max x Kl10910VT

where

K = 365 log, o (D/b 0 .8) - 268

D propeller diameter, and

0O.8 - propeller blade width at 0.8 radius (in compatible units).

A blade width of 5 inches has been taken as a typical dimension for b 0 -8

Further studies of this relationship between noise level oind propeller tip

speeds would provide more substantial validation of the above findings.

However, the above findings would indicate that takeoff noise levels will be
higher than those measured at the current FAR Part 36 conditions if higher

propeller rpm is used for takeoff. This latter condition does, in fact, occur for a
large portion of the propel ler-dri ven aircraft fleet which deport from the runway

at their maximum engine rated (5 minute limited) power setting and rpm. The

exceptions are those aircraft with fixed pitch propellers, such as the Cessna I 72P,
which typically commence their takeoff run at maximum rpm, and climb at full

power and at a V yclimb speed. For the Cessna 172P, this climb condition is at
2420 rpm at a pressure altitude of 2,000 ft. The rpm is then increased, for such
aircraft, after leveling off to a cruise condition at maximum normal operating

power.

The subject of takeoff noise levels is further examined by application of

simulated takeoff conditions to each of a wide range of aircraft, as follows.
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2.2.2 Simulated Takeoff Conditions Applied to a Range of Aircraft Types

A data base of information on noise-certificated aircraft models has been

compiled by FAA in Form 8110-23 (11-76) as illustrated in Table 5.9All of the
numerical data contained in these tables have been used in this study to provide a
fleetwide Sample of cases for takeoff simulation evaluations. In addition, for each
piston-engined aircraft with a variable pitch propeller, reference has been made to

published engine data to determine the maximum rated takeoff power and rpm.

This resulting information has been compiled as an Aircraft Data file for

computer analysis. Figures 5 and 6 show the corrected and measured level fl-over
noise levels for this fleet of aircraft in relation to their maximum certificated

gross takeoff weights. Aircraft which have fixed pitch propellers or which were

tested under "MNOP" conditions of reduced power are separately identified.

For takeoff simulations, the flight profile has been assumed to consist of a
ground run and 50 ft obstacle clearance distance corresponding to D 50 , followed by
a maximum rate of climb departure at V flight speed. This climb rate is assumed

y
to remain constant during takeoff. This procedure is identical to that used in
calculating the performance correction to measured noise levels in FAR Part 36
Appendix F.

Figures 7 and 8 show predicted takeoff noise levels (LA Max) of the sample
fleet at four different distances from brake release.

Figure 7 shows the predicted flyover noise levels that would occur if each
aircraft generated a 1,000 ft (reference) noise level equal to that measured during

the FAR Part 36 level flight test.

Figure 8 shows the predicted noise levels that would occur if each aircraft
has a takeoff reference noise level equal to:

LA Max (Takeoff at 1,000 ft)

= LA Max (FAR 36 measured) + A dB

where

= K 10910 (VTY/VTT) dB
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Figure 7. Predicted Flyover Noise Levels Underneath Flight Path for Takeoff
Operations at Power Settings Corresponding to FAR Part 36 Test Conditions
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V Blade tip speed at maximum takeoff rated rpm,

VTT = Blade tip speed at FAR Part 36 test rpm, from FAA
Form 81 10-23, and

K = 365 log I o(D/bo. 8 ) -268

In each of these figures, the 1980 noise limit of FAR Part 36 Appendix F is

shown for reference purposes only. This noise limit is appropriate only for the

Figure 7 data at a distance of 11,430 ft from brake release, which corresponds to

the performance-corrected noise levels of FAR Part 36 tests. Some of the

Figure 7 noise levels differ from the corrected certification noise levels in

Figure 5; these are due to the use of published D 50 values for the aircraft in

Figure 7, instead of the default D0values (2,000 ft for single-engined aircraft and

2,700 f t for twin-engined aircraft) used for the noise certification of these

aircraft.

The most significant feature of Figures 7 and 8 is the predicted increase in

flyover noise levels caused by accounting for higher propeller speeds at. takeoff.

The Figure 8 data, which include this takeoff rpm effect, indicate that noise levels

in excess of 85 dB(A) may be expected at a distance of up to 2.5 km (8,200 f t) from

the brake release point on the takeoff runway. Further examination of this can be

made by reference to measured noise data obtained at a noise monitoring station at

Torrance Municipal Airport, California, during controlled takeoff tests of a range

of aircraft models. These are discussed in Section 2.2.3. The FAA has also

independently computed higher takeoff noise levels in its Advisory Circular 36-3b.

2.2.3 Takeoff Noise Levels Monitored at Torrance Airport

The Torrance Airport noise monitoring program continuously evaluates the

maximum A-weighted sound levels of departing aircraft events at two monitoring

sites located in residential areas at 8,400 ft from brake release and 400 ft sideline
from Runway 29R/l I L. These data are reported annually in the form of the range

of measured noise levels for each type of aircraft.12 While most of the reported
data are for general aviation departures which do not conform to any predeter-

mined noise abatement procedure, a specific separate data base has been estab-

lished by means of "controlled" tests. These controlled tests have been performed
for over 47 aircraft types. In each case, the aircraft was operated at or near

constant gross weight and within a time span (20 minutes) which ensured relatively
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constant atmospheric conditions. The data base for controlled tests shows two
measured noise levels for each aircraft, the higher noise level being measured with

tile aircraft operated using the pilot's normal takeoff procedure, and the lower
noise level being measured when the same aircraft was operated using the pilot's

best noise abatement technique.

Figure 9 shows a comparison of these measured controlled-test data from the
Torrance monitoring system with takeoff noise levels predicted by the takeoff

simulation model for the monitoring station location (i.e., 8,400 ft from brake

release and 400 ft sideline distance). The measured data are designated in Figure 9
by vertical bars; the top of the bar corresponds to the level measured with the

pilot's normal takeoff procedure and the lower noise level corresponds to that
measured for the noise abatement takeoff. The Figure 9 test data include only

those aircraft which are identified in the Torrance Airport report as having been
tested in accordance with FAR Part 36 Appendix F. 12 The predicted noise levels

are based on applyihg the propeller tip speed corrections as discussed for the
Figure 8 data to the certification levels to simulate takeoff rpm conditions.

It is evident in this comparison that the highest of the predicted noise levels
are typical oi many of the controlled-test results obtained by normal takeoff

techniques. The maximum measured and the predicted noise levels shown in
Figure 8 are therefore probably representative of the actual levels experienced in

areas close to general aviation airfields, for example in the range of 2 km to 3 km
from the brake release point. At greater distances, such as at the 3.5 km location,

it is unlikely that departing aircraft would still be operating at maximum rated
takeoff power. In many cases, a height of 1,000 ft above ground level would have
been reached at between 2.5 km and 3 km from brake release, and power would
have been reduced to that recommended for en route climb which is at a lower

manifold pressure and lower rpm than for takeoff condition. The noise levels

shown in Figure 7 for the 3.5 kmn (11,430 ft) distance from brake release are

therefore likely to be more representative of actual noise levels at this distance.

The foregoing cnalysis of noise levels under the takeoff flight path of

propeller-driven small airplanes indicates the following:

a. In many cases these noise levels will have been reduced by virtue of
noise controls implemented to meet the FAR Part 36 regulation,
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b. Some aircraft, such as those certificated by noise tests at a power

setting well below takeoff and maximum continuous power (e.g., at

MNOP), will cause noise levels well in excess of the rest of the aircraft

fleet, and

C. Takeoff noise levels in areas between 2 km and 3 km from brake release

are likely to be in excess of 85 dB(A) and, in some cases, as high as

90 dB(A), from aircraft currently complying with FAR Part 36 noise

limits.

2.3 The Need for Noise Control at Source

2.3.1 Noise Impact Near General Aviation Airports

The primary purpose of the noise abatement regulatory program of the FAA
is to provide such control and abatement of aircraft noise as is necessary to

protect the public health and welfare.

The preceding section has provided one perspective for the relationship

between noise certification limits and the actual noise levels experienced during

takeoff of small propeller aircraft. A different perspective of the overall

magnitude of noise impact by such aircraft is provided by estimates of the number

of people exposed near general aviation airports to significant noise levels from

these aircraft. Such estimates are presented in Appendix D in support of this

discussion on the need for noise control at the source. This very brief analysis,

based on previous studies identified in the appendix, indicated the following trends:

1. The number of people exposed to noise from air carrier operations

reached a maximum in about 1970 and has decreased subsequently as

the very significant reduction in source noise for new wide body

aircraft, and a corresponding flattening in the growth of operations,

became effective.

2. In contrast, the number of people exposed to noise from general

aviation aircraft is expected to continue to increase. While this trend

does not necessarily reflect the current introduction of quieter

propellers or quieter business jets, there is no expectation that a major

reduction in source noise, comparable to that achieved by transition of

the air carrier fleet from pure jet engines to low and then high bypass

ratio turbafan engines, can be expected in the foreseeable future for

the general aviation fleet.
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3. The total national noise impact of general aviation aircraft, as

measured by the number of people exposed to noise from their

operations, is much less in magnitude than for air carrier aircraft.

Nevertheless, it is expected to continue growing at the rate of the

order of 7 to 8 percent per year for each of the next 10 years. This is

comparable to the anticipated growth rate in total number of opera-

tions of general aviation aircraft. The influence of introducing quieter

business jets and quieter propeller aircraft will be partly offset by the

growth in number of operations of general aviation aircraft. (There is

no basis for a lower growth in operations such as achieved by use of
wide-body aircraft in the air carrier fleet.) Further, the population

impacted within general aviation airport noise contours will tend to

increase more rapidly than the area within such contours. This is due to
the tendency for population density to increase with distance from the

airport boundary, in the immediate airport vicinity.

A closer perspective for purposes of this report is provided by a rough

estimate of that portion of the total number of people exposed to general aviation

aircraft noise which is attributable to operations of only small propeller aircraft.

Based on the same data and procedures, it was estimated that:

o About 50 percent of the total noise impacted area (and corresponding
population) exposed to noise from general aviation aircraft is due to

operations by small propeller aircraft. (The total area within the L dn
60 contour for all general aviation airports is estimated to be about 800

square miles in 1980 and the corresponding population exposed is
estimated to be at least 130,000 people.!)

" At least 75 percent of all general aviation airports (currently over

14,000 in number) are served exclusively by such aircraft.

" Of the remaining general aviation airports, small propeller aircraft

generate about 94 percent of the operations (i.e., single noise events)
and up to 40 percent of the contour area.

A more conservative estimate of the relationship between population and contour
area around general aviation airports would indicate a total population, within the
Ld 60 contour, in 1980, of roughly twice this value which is in approximate
agreement with preliminary results of a current, more detailed study of general
aviation noise impact undertaken by EPA.
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In summary, while the total magnitude of the population exposed to small
propeller aircraft noise is Much less than for air carrier aircraft, the noise impact
fromn such aircraft is Still significant due to its continuing growth rate, its
extensiveness over a very large number of communities, and the expected higher
noise sensitivity of people in relatively quiet communities adjacent to small
general aviation airports.

As illustrated conceptually in Figure 10, of the three strategies available for
reduction of noise impact around airports (ie., source noise control, flight
procedures and land use policies), noise source control, through application of
technology, is central. To be effective, however, such source control must be
su.pported or implemented through some sort of regulatory process - aircraft noise
certi ficati on.

AredcifAipr Noise Impaort
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2.3.2 Noise Control by Regulation

There are obvious practical limitations on the extent to which the regulatory

process can enforce noise abatement in the relatively unconstrained real world of
public usage of noisy equipment. It is, for example, true of aircraft and many

other types of equipment that redoctions (and increases) of emitted noise can be
achieved by changes to the system design and by changes to the operating

conditions of the system (such as by change of speed of operation or mechanical

power loading). These potential operational methods of noise abatement cannot be

directly controlled by the regulatory process. In some cases, however, regulations

to enforce compliance with safety requirements which can also provide noise
abatement benefits are obviously practical and economically feasible.

In the case of the propeller-driven small aircraft fleet, considerable flexi-

bility is cvailable to the operators of these aircraft in their method of flight
operation near and around airfields and in their en route travel between airfields.

Much of this availability of operational margin is essential for safety reasons, and

cannot be restricted in retrospect; that is, subsequent to aircraft design and

certification. It was shown in Section 2.2 that the maximum noise emission mode

of small propeller aircraft is usually at maximum takeoff power (except, possibly,
for fixed pitch propeller aircraft).

As suggested by the following sketch, the selection of climb rate after

departure from a runway is within the broad discretion of the pilot, ranging from
maximum speed, minimum safe angle of climb, to maximum angle of climb and a
minimum safe power reduction at a safe altitude.

/Maximum Climb

Angle Reduced

/ Power for
• / \Cruise

Ma .ximum Speed,
Minimum Safe /

IlrakeClimb Angle

Simplified Illustration of Range of Takeoff Profiles Available for Propeller-Driven
Small Aircraft.
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These alternative takeoff procedures, when carried out over a populated
area, produce essentially the some amnount of noise output from the aircraft
(because they are carried out at the some propeller rpm and same horsepower), but
will produce greatly different levels of noise cat ground level because of the large
differences in aircraft height during overflight. Illustrative examples of these

variances in noise level have been shown in the Figure 9 presentation of controlled
tests at Torrance Airport. Variations in excess of 20 dB in monitored noise levels

are reported in the Torrance report for general usage cases of aircraft departures
on a straight-out flight path.'12 Any case f or noise controls to be implemented at
the source would seem to be compromised by such large noise level variations
caused by user modes of aircraft operation. However, the real case for source

noise control is that it should limit the maximum noise emission of the aircraft,
irrespective of the user's method of operation. This would require that aircraft be
tested in their noisiest mode of operation and comply with noise limits appropriate
to that mode. This makes a strong case for requi ring a takeoff noise test for most
propeller aircraft as discussed in more detail in Section 4.
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3.0 ASSESSMENT OF NOISE CONTROL TECHNIOLOGY

3.1 Overview of the State-of-the-Art in Noise Control

3.1.1 Genzral

This overview is directed toward identifying the state-of-the-art in source

noise controls applicable to propeller-driven small aircraft which are required to
comply with the FAR Port 36 Appendix F noise limits. Figure I I provides an
overview of the growth in number of such aircraft in the general aviation fleet.
Figures 12 and 13 illustrate how the current fleet is distributed according to
maximum takeoff weight and horsepower, respectively. 13

From Section 2.2, it is clear that for most propellIer-dr iven aircraft, the

dominant source of noise is the propeller, anid the maximum A-weighted noise level
during takeoff is controlled primarily by the blade rotational tip Mach number.
Various attempts have been made to rationalize the relationships between A-
weighted noise level, propeller blade tip speed, and blade geometric factors, either
far purposes of correcting noise levels obtained at off -reference flight test condi-

ion,1, 14, 15 or to establish basic design guidelines for the aircraft

i ndustry. 16 , 17, l8 Further reference to these relationships is made in Section 3.2
of this report. In this overview, the emphasis is placed on reviewing the concepts
of design technology which provide reductions of propeller blade tip speed and
thereby provide substantial reduction in noise level. The basic technical problem in
achieving noise reductions is that of optimizing the propeller design to achieve the
required aerodynamic performance at the lowest practical tip speed, and with
minimum associated penalties in weight and cost. The difficulty in achieving this
optimum design is to some degree compounded by a lack of knowledge on which
blade design details are the most significant in controlling the mid-frequency
content (which dominates the A-weighted level) of propeller noise. These details,
such as blade and blade-tip thickness, tip planf arm, airfoil section, activity factor,
etc., influence the performance, weight, and structural integrity of the propeller to
an extent that the number of variables in the optimization process can become
unmanageable. This is especially the case when the real noise benefits and
penalties of each detail are not yet quantifiable with confidence.

The traditional approach to this optimization has therefore been by
reference to available and proven propeller/engine configurations, based on the

selection of
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o Propeller diameter

o Number of blades

" Blade activity factor

o Propeller rpm

o Propeller thrust and power coefficient

" Weight limits

to give the lowest practicable tip speed which still provides the required aircraft

performance. More recently, this design procedure has included the selection of

blade tip planform, usually elliptical, as a potential noise reduction detail. This has

a small but predictable effect on aerodynamic performance, but its real effect on

an aircraft's flyover noise level is seldom known until it has been tested on the

aircraft. According to industry sources, the consensus of test results shows that

the elliptical tip shape is very seldom detrimental to noise levels and is sometimes

beneficial.

While the above procedure may not provide the ultimate possible benefit in
noise reduction, it is regarded as being close to the practical state-of-the-art.

Other options, involving changes to blade detail which differ radically from

the proven hardware, are regarded currently as advanced propellers. These will

require extensive testing to firmly establish their noise reduction potential,

aerodynamic performance, structural integrity and endurance in operational
conditions. The advanced blade studies, based on refined theoretical modes of

propeller noise sources, predict considerable benefits from the use of:

o Blade and tip thickness reductions

" More efficient airfoil sections

" Blade sweep

o Blade planf arm and loading changes
o Proplets to simulate duct elements.

" New engine developments

Each of the design concepts mentioned above is further discussed with
regard to its application to three classes of light propel ler-driven aircraft.

3.1.2 Single Piston-Engined Aircraft

Table 6 contains a listing of several example aircraft of the small single

engine class. The information in this table is presented as a means of charac-
terizing the physical features of the power plants, propeller and gear ratio far
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current examples of this class of airplane. A number of different manufacturers

produce airplanes in the 150 to 300 hp range and some have several different

models. NoI attempt is made in the preparation of Table 6 to include all current

operational airplanes in that class.

These airplanes have horizontally opposed four- or six-cylinder engines

which operate irn the range of 2400 to 2800 rpm. The propellers are generally fixed

pitch (FP) for the smaller models and variable pitch or constant speed (CS) for the

larger models. Propeller sizes typically vary from 6.17 ft to 6.83 ft in diameter,

hove either two or three blades, and are direct drive. A notable exception is the

high performance Bellanca Skyrocket, which has a higher flight speed, a more

powerful engine, a larger propeller, and employs a geared drive with a 0.667 gear

ratio.

Many airplanes of the class illustrated in Table 6 have been modified to

reduce propeller tip speed f or noise reduction either by changes to the propeller

geometry or to the engine operating conditions. The various approaches used to

reduce tip speed or in conjunction with a tip speed reduction are described below.

Reduced Diameter - A reduction in propeller diameter by clipping the

propeller blades or by using a smaller diameter propeller is a convenient way to

reduce tip speed while maintaining the same engine rpm and power characteristics

in order to absorb the full power available from the engine. The activity factor of

the propeller is increased either by the widening of the blades or by the addition of

more blades.

Increased Number of Blades - The addition of more blades to the

propeller is almost always useful in reducing the blade passage harmonic noise

because of the beneficial destructive interference that occurs within the propeller

disc. For example, a doubling of the number of blades results in a halving of the

number of blade passage frequencies, and those that remain have about the same

levels. Such a result is more effective at the lower tip speeds for which the lower

order harmonics dominate the spectra. Hence, an increase in the number of blades

is of greatest vailue when accompanied by a reduction in tip speed.

There is a practical limit to the number of blades which can be retrofitted

to a small airplane because of the increased weight and complexity. The weight

increase can cause fare and of t balance problems and a reduction in payload.
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Multiblode (three, four, five, and eight blades) propellers with variable pitdh
mechanisms have been successfully operated on larger aircraft and thus the
engineering designs ore current state-of -the-art.

Reduced Engine rpm - A reduction in engine rpm with the associated
decrease in propeller rpm is a very convenient approach to obtaining a propeller tip
speed reduction for noise control purposes. The associated reduction of engine
power available can, in some cases, be compensated for by an increase in the
manif old pressure of the engine, if proper provisions have been made in the engine
component designs. A more popular approach is to use a larger engine than
normally required and operate it in a deroted condition. A side benefit of this
approach is that the reserve power is readily available for emergency use.
Disadvantages are increased initial cost and weight.

Preferred Blade Geometry - Such blade geometry parameters as tip
planform, surface roughness, airfoil section, and activity factor appear to have
only second order effects on the noise of current propellers. Tip planform is judged
not to be significant except as it influences the spanwise aerodynamic loading on
the blade and the tip thickness. Less noise would probably result from a blade
which carries a lower tip loading.

Surface roughness, which tends to increase with service life, is believed to
have a small detrimental effect on both noise and performance. The implication is
that the use of a wear-resistant material on blade surfaces, or the replacement of
old blades, would give some positive results.

Improved airfoil sections, particularly those involving more camber than
airfoils in common use, show promise of performance improvement.1 Of
particular significance is the possibility of improving the aerodynamic efficiencies
of the thicker inboard sections which operate at the lower Reynolds numbers.
Thinner tip sections are effective in reducing the thickness noise component
particularly at tip speeds in the supercritical range.

Increasing the activity factor of a propeller is sometimes necessary when
tip speed is reduced. Either an increased number of narrower blades or the same
number of wider blades will usually result. Wider blades ore likely to have thicker
tip sections and thus have increased thickness noise. This is usually of secondary
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importance at tip Mach numbers up to about 0.75, whereas at somewhat higher
Mach numbers, thickness noise can dominate. A reduction in blade chord, as in the

case of more but smaller blades, implies an increase in trailing edge and
wake-related noise components. The result is a peaking at higher frequencies of
the broadband components.

The net effects of such blade geometry changes as those described above
are to produce modest improvements in performance. An increased performance
margin is then useful in the process of trading off performance losses for noise
improvements.

Noise control in the future is expected to involve all of the items of
current technology described above, as well as some additional design improve-
ments that will become available in the decade of the 80's. The key to future noise
control is the rapidly developing ability to more exactly predict both the

performance and the generated noise so that optimized designs can be defined.
Optimization is expected to include the fuselage and engine cowl, and their effects
on the front end flow field, as well ais the propeller and engine. Some concepts
that will probably be considered are included below.

Increased Inboard Loading - The concept of moving the load distribution
away from the blade tips can be shown analytically to be beneficial for noise

control. 20ln order for this concept to be effective, several features of the power
plant airframe combinations need to be considered. For instance, the inboard
sections of the advanced propellers need to work harder than do those of the
present configurations. This implies the need for improved airfoil sections that
will operate effectively at these lower Reynolds numbers. 19  It also implies a
minimum of fuselage blockage effects in the region of the engine, and a need for
radial symmetry of the front end engine cowl geometry.

Inclusion of Blade Sweep - Sweep has been shown to be very useful in
noise control for high speed propfans, helicopter rotors, and axial flow compressor
blades. Similar trends aire anticipated for lower speed propellers although the
amount of noise reduction will be generally small at the lower blade tip speeds.
For asymmetrical inflows, however, ais occur on many of the current aircraft due

to cowl blockage effects, the benefits could be substantial even at the lower tip
speeds. Accurate analytical methods for predicting propeller noise, which are
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becoming available, can be applied to the modification of current configuration-

critical designs as well as to new designs. In order to minimize the stress problem,

it is anticipated that swept blade designs will incorporate swept forward inboard

sections and swept back outboard sections as has been found beneficial for propfan

and axi al flIow compressor bl ades.2 1

Inclusion of Proplets - Proplets are devices that resemble small end

plates and look much the same ais if the blade tip was bent backward into the plane

of the propeller disc. Such devices are a fraction of a chord length in dimension

and may extend to the pressure side of the blade as well ais to the suction side.

They can be shown analytically to be useful for improving the aerodynamic

performance of a propeller operating at a given diameter and rpm. These devices

permit the loading up of the outboard sections and thus do not directly produce

noise reduction. They do, however, provide a performance margin which may be

traded off against noise reduction.

The practicality of proplets has not been evaluated from the standpoint of

durability and safety. However, the availability of new high strength-to-weight

ratio structural materials such as composites is expected to enhance the potential

for their effective application.

New Materials - The availability of such composite materials for

propeller blades will also make possible lighter weight propellers and will also

encourage the application of such concepts as blade sweep, inboard loading,
increased camber and proplets; in the new designs. Furthermore, these newer high

strength to weight ratio composite materials can also be incorporated in the

overall aircraft airframe, such as recently demonstrated for the Lear (Pusher)

prop-fan. The net effect of such concepts could be improved takeoff performance

resulting in lower takeoff noise levels.

Inclusion of Gear Reduction - The use of gear reduction in order to

control the speed of the propeller without sacrificing engine performance is an

attractive possibility. Its advantage is that it can provide a better match between

the engine and a low noise propeller. Current data on engine installations suggests

that gear reductions are not in use on reciprocating engines with less than a 300 hp

rating. Extending their use to lower powered systems will probably be considered

as an alternative to the use of oversized derated engines in future aircraft.
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3.1.3 Twin P iston-Engi ned Aircraft

The problem of flyover noise control at the source for twin piston-engined
aircraft is very similar in all respects to that for single piston-engined aircraft. In

concept, twin-engine aircraft of this class, examples of which are listed in Table 7,
have two power plants of the same types as are commonly installed in single-
engine aircraft. Their similarities can be recognized by comparing the data of
Tables 6 and 7.

Most of these aircraft have horizontally opposed four- or six-cylinder
engines in the range 160 to 310hp. The propellers are generally constant speed
(variable pitch) with a full feathering (FF) capability. They vary in size from 6.33
to 6.67 ft in diameter, have either two or three blades, and are direct drive. An
exception is the Beech Queen Air which has a 380 hp engine with 7.9 ft diameter
geared and synchrophased propellers. As in Table 6, no attempt is made to include
all manufacturers' products nor to include a complete listing of current models.

The discussions previously directed to the single piston-engine aircraft with
regard to current state-of-the-art and future trends in power plant noise control

are fully applicable also to twin-piston engine aircraft.

An additional factor which can affect the far field noise of twin-engine
aircraft is the phasing of the propellers. Synchrophasing equipment is available for

accurately controlling the relative angular blade positions of the two propellers.
This type of equipment is used primarily for reducing the beat frequency variations
in interior noise levels, which can be of the order of 5 to 10 dB in some aircraft.

By locking phase position, the lowest level can be maintained steady with time at
any particular location, the result being an elimination of these noise level
variations.

Synchrophasing has limited value for far field noise control because when
noise is minimized at one location it is maximized at another. It is, however, a
mechanism whereby the noise levels on the ground track, or on a line parallel to
the ground track, can be minimized. It therefore has serious implications in noise
certification testing. One example of anomalous behavior in ground measurements
attributable to phasing of twin propellers is considered later in Section 4.2.1. Note
that the use of synchrophasing has no implications relative to performance, except
insofar as some extra weight and complexity may be involved.
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3.1.4 Twin Turbine Engine Propeller Aircraft

Power plant features of some example twin turbine engine aircraft are
shown in Table 8. In contrast to twin-piston engine aircraft, the twin turbine

engine aircraft generally have more powerful engines, larger diameter propellers,

geared drives, and propeller reverse pitch (RP) capabilities. They also tend to

cruise at higher air speeds. The need for reduced tip speeds for noise control, and

the available approaches for recovering aerodynamic performance at the lower tip

speeds, are as equally valid as for piston engine powered aircraft. Turbopropeller
power plants, because of their design, inherently include several known noise

control features. For instance, geared drives, which are an integral feature of

turbine power plants, can be used to optimize the match between the engine and

the propeller. Likewise, there is usually a relatively clean nacelle configuration

with a minimum of downstream nacelle blockage. This should result in more

uniform blade loads as a function of blade position and thus less noise due to load

fluctuations. Finally, the engine exhaust has had most of its energy removed and

hence exhaust noise is not a significant component for any operating condition.

Evidence of this general trend in lower noise levels for turboprop aircraft

is quite apparent from the data shown earlier in Figure 2, the lower portion of
which is repeated herein as Figure 14.
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Figure 14. Illustration of the General Trend Towards Lower Noise Levels for

Turboprop Aircraft vs Piston Engine Aircraft (from Figure 2).
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The average certification noise levels in 1980 for two-engine turboprop

aircraft is about 75 dB(A) while the corresponding level for two-engine piston

propeller aircraft is about 78 dB(A) - 3 dB higher. Available data comparing sound

exposuie levels at 1,000 ft f or these type of aircraft 2 2' 23 indicates a comparable

trend. The actual difference was closer to about 5 dB, perhaps reflecting the

somewhat smaller duration correction, and hence lower sound exposure level, due

to the higher flight speed of turboprop aircraft.

Available noise and performance prediction technology is probably most

valid for the relatively clean installations of turbine power plants. These

prediction capabilities, plus the developing materials and fabrication technologies,

will enhance the future application of advanced noise control concepts. The

inclusion of blade sweep, the inclusion of synchrophasing, the use of highly

cambered sections, and provisions for moving the blade loading inboard, are

expected developments in the near future.

The continued trend toward higher cruise speeds at high altitude will be

constrained by helical tip Mach number limits f or reasons of performance and

interior noise. Any helical tip Mach number constraints due to such high altitude

requirements will inherently result in noise control benefits f or low altitude, low

forward speed operations.

3.2 Application of Existing Tchnology

Most applications of noise reduction methods to meet current FAR Part 36

Appendix F noise limits (in the 1000 ft f lyover mode) have focused on a trade-off

analysis between a range of available propellers. An example of this form of

analysis, which was performed by Cessna Aircraft Company for purposes of the

present study, is showni in Appendix C. In each case, the propeller was limited to a

* Clark Y or RAF 6 airfoil section and parametric changes involved selection of

diamneter, activity factor, and blade number for each of three (engine -compatible)

values of rpm. The available shaft horsepower was assumed to be absorbed by each

* propeller at maximum takeoff rpm.

The resulting noise level estimate for each combination of parameters was

obtained by means of empirically derived equations based on Cessna's data base for

noise certificated aircraft.
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As shown in Figure 15, a basic unique "carpet-plot" graph relating noise

level with propeller diameter and activity factor* can be established for each
selected combination of blade number and rpm (at maximum continuous power).

Resultant operational parameters, such as takeoff distance, can be superimposed
on each graph, as shown in the example case in Figure 16. The selection of a
maximum takeoff distance of 2,400 ft, for example, together with a maximum

noise level of 80 dB(A), limits the available envelope of propeller selection to that

shown by the shaded area of the graph. Other performance parameters, such ais sea
level rate of climb, range, cruise speed, and time to climb (to cruise level), were

similarly evaluated as illustrated in Figures 17 and 18.

The above trade-off analyses were performed for three example propeller
aircraf t: a single-piston engine model of 3,800 lb maximum takeoff weight, a twin-
piston engine model of 6,350 lb maximum takeoff weight, and a twin turbine

powered aircraft of 9,850 lb maximum takeoff weight.

Tables 9 through I I show comparisons of operational characteristics for

each of these respective models based on achieving noise certification levels below

their current noise limit of 80 dB(A) at 1,000 ft flyover. The baseline (current

design) case parameters are shown for reference purposes.

Examination of Table 9 for the single-engined aircraft shows that a 3 dB
noise reduction is attainable by reduction of propeller diamreter, increase of blade

activity factor, and reduction in rpm. The primary resulting penalty is shown to be
in the attainable rate of climb, due to reduction in the thrust margin available for
climb at V .* This performance penalty, combined with the increase of V yfor best
rate of climb, would result in takeoff climb angles being reduced by more than
40 percent (relative to the baseline case). Noise levels under the takeoff flight
path would therefore be expected to increase above the baseline levels for takeoff
by more than 4 dB due to this reduction in angle of climb alone (that is, if the
takeoff noise level at 1,000 ft was identical to that at FAR Part 36 Appendix F

conditions). However, the takeoff noise would then be at least 5 dB higher than for

level flyover due to the higher propeller speed (2,700 rpm) during takeoff. Thus,
while the tradeof f f or 1,000 f t level flIyover noise reduction seems practical, there

would be a significant offsetting penalty in takeoff noise levels under the departure

flight path.

1.0
#Activity factor (AF (6 100 * x . dx, where b is blade section width,

1000hut
D is diameter, and x is the section radius as a proportion of tip radius. AF is a
measure of blade solidity and of the blade's capacity to absorb power.
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Table 9

Noise Reduction Tradeoff Analysis for Single Piston-Engined Aircraft (from Cessna Aircraft Co.)

Maximum Takeoff Weight 3,800 lb

Maximum Installed BI-P = 300 shp
Takeoff RPM = 2700
Objectives (Input to Sizing Program for Reference Purposes):

Takeoff Field Length = 1900 ft
Rate of Climb at Sea Level = 930 ft/min

Rate of Climb at 24,000 ft = 270 ft/min (minimum)

Range 780 n.mi.

Noise Level at 1,000 ft Flyover, dB(A)

Parameter 80 77 75

D (Propeller) B* 2 3 4 5
Option

Diameter (in.) 80 75 75 75 75 75
Activity Factor 106 130 130 100 130 130
RPM at MCP 2600 2500 2400 2400 2500 2400

Blade Number 3 3 3 4 2 2

Operational

D f50 ft) 2440 2303 2301 2371 2531 2530
R/C (ft/min) 850 614 513 489 653 548

V y/V s  0.960 1.231 1.212 1.213 1.327 1.375
24,000 ft R/C (ft/min) 420 371 363 363 240 210
Range (n.mi.) 817 848 778 788 771 66 I
Cruise Speed (ktas) 211 194 187 190 182 175

•B is Baseline (Current Design) Case.
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Table 10

Noise Reduction Tradeoff Analysis for Twin Piston-Engined Aircraft
(from Cessna Aircraft Co.)

Maximum Takeoff Weight = 6,350 lb
Maximum Installed Bhp = 310 x 2
Takeoff rpm =2,700
Objectives (input to Sizing Program for Reference Purposes):

Takeoff Field Length = 2,595 f t
R/C at Sea Level= 1,580fpm
RIC at 24,000 ft =650 fpm
Range =800 n.mi.

Noise Level at 1,000 f t FlIyover, dB(A)

Parameter 80 77 75

De~n (Propeller) B* 1 2 3 45 6
Option

Diameter (in.) 76.5 70 75 75 70 70 70
Activity Factor 88.7 100 100 85 115 100 100
RPM at MCP 2700 2700 2500 2500 2600 2600 2500
Blade Number 3 3 3 4 3 4 4

Operational

D 50 (ft) 2510 2464 2630 2685 2508 2502 2597
R/C (f t/midn) 1440 1552 1356 1365 1458 1436 1364

VY/V3 @25,000 f t 1.200 1.363 1.234 1.179 1.33J2 1.255 1.298
R/C @25,000 ft 840 711 766 861 714 801 721
R/C @ 5,000 f t (eng. out) 270 299 227 216 268 269 234
MCP Range (n.mi.) 541 512 543 552 520 538 533
Avg.Cruise Speed Octas) 213 1205 214 216 1208 212 212

*6 is Baseline (Current Design) Case.

63



Table II

Noise Reduction Tradeoff Analysis for Twin Turbopropeller Aircraft
(from Cessna Aircraft Co.)

Maximum Takeoff Weight = 9,850 lb
Maximum Installed Bhp 625 hp x 2

Takeoff RPM : 1900

Objectives (Input to Sizing Program for Reference Purposes):

Takeoff Field Length 2,142 ft

R/C at Sea Level = 2,425 ft/min

R/C at 24,000 ft : 500 ft/min

Range 700 n.mi.

Noise Level at 1,000 ft Flyover, dB(A)

Parameter 77 75 73

Dsn(Propeller) B* 2 3 4 5 6 7
Option

Diameter (in.) 90 85 90 90 85 95 90 85

Activity Factor 130 130 .130 130 110 100 100 130

RPM at MCP 2000 1900 1800 1900 1900 1800 1800 1800

Blade Number 3 3 3 4 4 4 4 4

Operational

D50 (ft) 2453 2628 2402 1951 2488 2028 2396 2383

R/C (ft/min) 2271 2137 1959 2362 2286 2570 2376 2239

Vy/Vs @25,000 ft 1.292 1.288 1.281 1.283 1.295 1.296 1.2% 1.344

R/C @ 25,000 ft 867 563 699 954 708 961 780 661

R/C @ 5,000 ft (eng. out) 691 464 560 726 550 728 601 527

MCP Range (n.mi.) 558 520 539 563 541 567 551 S36

Avg. Cruise Speed O(tas) 279 263 271 280 272 283 277 270

*B is Baseline (Current Design) Case.
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Similar observations can be made regarding the tradeoff to achieve a

75 dB(A) "certification" noise level. However, in addition, none of the available

options satisfying this 75d8(A) noise goal is capable of meeting, or approaching,
the set performance objectives for rate of climb and cruise speed. A 5 dB

reduction in certification noise limit is therefore regarded as not being practical

for this type of aircraft using current technology.

Table 10 shows a similar tradeoff analysis for a twin piston-engine aircraft
of 6,350 lb maximum takeoff weight. In this case, the performance penalties are

not as severe as for the single-engined aircraft, and one can still comply with FAR
Part 23 requirements for minimum angle climb with one engine inoperative. The

analysis shows that application of current technology propellers would allow

reductions in "certificated" noise levels for this aircraft to meet both the 3 dB and
5 dB decrements in noise limits.

Table II shows the resulting analysis for a twin turboprop aircruft of

9,850 lb weight. In this case, the example aircraft has a baseline design noise level
of 77 dB(A), which is already 3 dB below the FAR Part 36 requirement. (Recall the

statement earlier that turboprop aircraft are generally quieter, on the average, by
about 3 dB than comparable piston-powered aircraft.) The analysis is therefore

focused on meeting a noise limit of 75 dB(A). The lowest noise limit attainable in
the analysis was 73 dB(A), and this additional design option is shown in Table II for

this maximum noise case. It is evident that the turboprop aircraft is more readily

adaptable to lower noise emissions without major performance penalties. This is

because of the more versatile power matching capability of the turbine engine with

different propellers.

Figure 19 summarizes the results of the preceding analysis cases and

shows, in addition, estimated noise levels for a takeoff operation assuming a noise

measurement location at 8,200 ft (2.5 kin) from brake release. Also shown in
Figure 19 is a "market price" factor which is used by Cessna Aircraft Company to

indicate the relative depreciation of aircraft value that would result from

degradation of aircraft performance. A depreciation of I percent may be regarded

as significant, and 2 percent as unacceptable, in competitive marketing of these

example aircraft.
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Figure 19. Summary of Application of Existing Noise Reduction Technology (Selected
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in noise level)
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In summary, application of existing technology to achieve further noise

reductions of small propeller aircraft does not appear to be economically viable for
most current state-of-the-art single engine small propeller aircraft. (While

retrofit of older aircraft with new, quieter propellers is a desirable consideration,

it is unxlikely that such retroactive action could be requiired by a viable noise
regulation.)

On the other hand, for twin-engine propeller aircraft, especially turboprop
types, application of existing technology, including use of optir-orm propeller/

engine combinations, appears to offer the potential for noise reductions, with
acceptable or negligible performance losses, of 3 to 5 dB for piston-engine, and 2

to 4 dB for turboprop aircraft. Such applications could reduce the achievable
maximum level flyover noise levels to about 75 dB(A) instead of the current

80 dB(A) limit for such aircraft.

3.3 Potential from Application of New Technoloq

3.3.1 Propeller Design Technology

A considerable resurgence of research studies of propeller designs has

occurred in the period 1975-1981. This resurgence follows a long period of relative

inactivity since the ending of propeller blade development work by NACA during
the 1950's. Many of the concepts and airfoil section designs developed by NACA
have been implemented in a limited manner such as by the use of Series 16 and

Series 6 airfoils in turbopropellers, but are now considered to be of much greater
utility in reducing operating costs, fuel consumption, weight, and noise levels of a
wider range of small propel ler-dr iven aircraft.

Evaluations of advanced technology propellers have been performed during
the last few years by means of improved analytical procedures for noise level

prediction. Pertinent background in this area is provided in References 24 to 34.
Whereas earlier noise prediction methods were, to some extent, capable of
evaluating the effects of gross changes in blade loading and blade thickness, these
methods were insufficiently refined to provide a detailed accounting of noise level
which could be confidently used in economic and performance trade-off analyses.

The most significant aspect of these new analytical methods is that they employ a
definition of the blade surfaces by elemental area subdivisions, and can thereby

more closely represent the actual surface distributions of pressure (loading) and
displacement (thickness). For general aviation propellers, where the helical tip
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Mach number of propellers is subsonic, the mathematical development represents
35an extension of Lowson's "compact source" theory which had previously been

applied to helicopter rotors. The most common form of the new theory is based on

Ffowcs-Williams and Hawkings' equation3 for sound radiation from surfaces,
which includes both pressure and thickness effects; that is,

where

p(t) is the sound pressure amplitude received at an irstant, t, in the

far-field observer time, and caused by steady force and thickness

sources on the blade surface at some earlier irstant of time (retarded
time) t' = t -

P.. n. is the pressure acting normal to the blade element area,

vi n, is the outward (normal)component of the blade element velocity,

Po and co  are the air density and sonic velocity, respectively,

xi and r are the Cartesian coordinates and the direct radial distance of the
observer relative to the source blade element position at retarded

time, and

Mr is the component of the source Mach number in the "r" direction.

This time domain equation requires evaluation at each of a number of
successive observer time intervals, with the bracketed terms[ I-, being evalu-
ated for each blade element at its retarded position corresponding to to. It has
been shown, by Lawson for example, that the "compact" (lumped) form of this
equation for steady forces

4r p(t) Fi ro ~(2)
ax. r I

where F., the blade element force in Cartesian components, is exactly compatible

with Gutin's3 equation,*

*Also with Garrick and Watkins (Reference 38) equation which includes forward
motion effects
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{ Toos +D Jm(mBM sin 9) (3)2 V 1"Re r° 1

where pmB(f) is the rms sound pressure of the mth harmonic of the far-field sound
caused by a rotating propeller with B blades. The thrust (T) and drag 0D)
components of blade forces re concentrated at a blade radius Re and have a Mach

number M at this radius. The observer location is at distance ro from the hub
and an azimuth 0 from the forward shaft axis. Similarly, the thickness term in

Eq.() can be likened to the closed form solutions by Deming3 9 and Diprose;4 0 that

is,

oB w 2  RT
P(f) = f K. t . b . J (mBM sing) dR (4)

2 J7f- r °  f
0

where t and b are the blade section thickness and chord at radius R, M is the

section Mach number, K is an empirical constant, and w = 211' f (harmonic

frequency).

Thus, while the latter Eqs.(3) and (4) and their derivative forms (to include

forward motion) were used for propeller noise prediction for many years, they did
not have the capability of aiding detailed propeller design. The new acoustical

theory allows detailed evaluation to be mode of the acoustic benefits of different
airfoils, cambers, spanwise and chordwise pressure distributions, and blade thick-

ness changes at or near the blade tip. Such changes to propeller designs have
recently been evaluated by Klatte and Metzger (Hamilton Standard), 4 1 by Korkan,

Gregorek and Keiter4 2 (Ohio State University and Cessna Aircraft), and by Succi 28

(Massachusetts Institute of Technology), all of whom have developed computer
programs based on the Ffowcs-Williams and Hawkings theory. While these
applications have concentrated on examining the versatility of propeller optimi-

zation by substituting Series 16 airfoils for Clark Y and RAF-6 sections, future

work will probably be based on more advanced section designs such as refined

supercritical airfoils.

In particular, work at Ohio State University on general aviation technology
suggests that the new acoustical theory can be directly embodied in computational
procedures for airfoil selection and propeller optimization. The technique would be

similar to that used for aerodynamic evaluations, by superposition of results
obtained by analysis of separated blade characteristics, such as
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a. thickness distribution at zero angle of attack,

b. thickness distribution at an angle of attack corresponding to "actual

minus ideal," and

c. camber line at ideal angle of attack.

Partial noise constituents, in the time domain, are evaluated from (a) for

thickness noise only, from (c) for loading noise only, and from (b) which contains

partial thickness and loading noise components. It has been postulated that this

approach will allow predominant noise source causes to be identified and alleviated

as part of the design process rather than by current procedures of retrospective

analysis.

With such powerful analytical methods for acoustical analysis, combined

with major advances in airfoil design and the computer coding of airfoil character-

istics, significant reductions in propeller noise should become available in new

aircraft of the mid to late 1980's.

At present, the available acoustic theory has been applied in each of the

above mentioned studies to examine the benefits in noise reduction attainable by

selective change of design parameters. The following summary ;3 indicative of

these study results:

Baseline Aircraft

Table 12 shows the aircraft baseline cases used in the studies. The

Cessna 172N, 210M and 441 cases were examined by Korkon, Gregorek and

Keiter, 42 while the Beech Debonair, Duchess and DeHavilland Twin Otter were

examined by Klatte and Metzger. 41 The study by Succi 28 also used a Cessna 172

as a baseline case, but employed a NACA 16-506 airfoil in all of the propeller noise

analyses, including the baseline case.

A significant starting point in each of these analyses was to qcJantify the

relative significance of steady loading and thickness noise contributions to the A-

weighted flyover noise level of the baseline propeller. As is shown in Table 12,

blade thickness noise predominated for four of the six baseline cases. In these

cases, therefore, the thickness noise must be reduced as a priority in order to

achieve significant overall noise benefits. It should be noted that a reduction of tip

speed will influence both steady loading noise and thickness noise, but at different
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rates of decoy with the latter tyically decreasing more rapidly with tip speed than
the former. Thus, a reduction in rpm or blade dianeter is again found to have a
major influence in noise reduction, irrespective of the predominant source, ais one
might expect f rom the earlier analysis.

Reduced Blade Diameter

The use of reduced blade diameter as a means of reducing blade tip speed
has already been examined in Section 3.2 for existing technology propellers.
However, in these earlier cases, such reductions sometimes caused performance
losses even when accompanied by appropriate increases in blade activity factor or
blade number to absorb the available shaft horsepower.

A major advantage of the advanced technology airfoil sections (NACA 16
or better) is that the baseline aerodynamic performance can be equaled or
improved with reduced diamneter propellers, without increase of activity factor or
blade number. Thus, significant noise reductions can be achieved without penalty
in performance, weight or cost, assuming conventional materials (eg., aluminum)
are retained.

Klatte and Metzger 4 l demonstrate this for the light single (Beech
Debonair), light twin (Beech Duchess), and heavy twin aircraft referred to in
Table 12. In each case, the substitution of a NACA 16 series airfoil with reduced
radius blades led to the most cost-effective noise reductions, either with or
without tip shape or tip thickness changes.

Reduced Blade Thickness

A further advantage of the change of airfoil section is that chord and
thickness/chord ratio could be reduced in a selective manner without loss of
aerodynamic performance. For the three Cessna aircraft studied, the 172N and
210M were predicted to benefit by the order of 4dB by reduction of thickness/
chord ratio from the nominal value of 8-1/2 percent to 5 percent. These predicted
results compare well with reported experimental studies8; where noise reductions of
4 dB were obtained with similar blade thickness reductions. Furthier thickness
reductions provide negligible further noise reduction benefit. In the case of the
Cessna 44 1, only I dB reduction was predicted to result from changing the nominal
7 percent thickness/chord ratio. This can be attributed to the predominance of
loading noise rather than thickness noise in the baseline case.
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In the studies of the Beech Debonair, a change to a NACA 16 airfoil with

reduced tip thickness was predicted to provide a 3 dB noise reduction. However,

other changes to tip planform, such as to elliptical tips, were noted to result in

significant additional noise reductions. These changes combine the effects of

reduced blade tip thickness and tip loading, and provided predicted reductions of up

to 7 dB in the combined effect.

In the Twin Otter study, change of tip shape and tip thickness was

predicted to provide only about I dB benefit in noise level, except when an OVIO

"low noise planform" was evaluated. The latter was expected to provide at least
3 dB benefit, relative to the baseline case.

Evaluations for the Duchess aircraft did not explicitly examine thickness

effects in isolation from other (e.g., diameter) parameter changes. Noise reduc-

tions of between 2 and 3 dB due to the combined effects of reduced tip thickness I
and change in tip shape are indicated by the analyzed data.

Combined Changes (without cost or weight increase)

The first three columns of Table 13 summarize the benefits in noise

reduction discussed so far for propellers with advanced airfoils which can be

optimized on diameter and blade thickness reductions. Klatte and Metzger 4 1

indicated that these methods can be utilized with considerable propeller cost and

weight reductions, as follows:

Optimum
Noise Reduction Propeller Propeller

Aircraft Without Cost Cost Weight
Type Penalty, (dB) Reduction (%) Reduction (%)

Debonair II 22 22

Duchess 4 40 50

Twin Otter 6 5 15
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ruble 13

Summary of Noise Reduction Concepts Using
Advanced Airfoil Blades in Baseline Design

Noise Reduction, dB

Aircraft Diameter Thickness Tip Blade
Type Reduction Reduction Shape Sweep Proplets

172N 2 4 - 5-8 3
Debonair 5 3 3 5 -

Duchess 3 (2 to 3) - -

210M 3 4 - N/A 2
4.41 N/A 1 4 4
Twin Otter 4I

N/A: Not Appropriate.

The major change in technology involved in the above approach to propeller
noise reduction is that of incorporating the required structural integrity and impact
(wear) resistance into blades which must be capable of operating safely in

unprepared or poorly maintained airstrips. Thus, if aircraft usage could be
restricted according to blade sensitivity (which is an unlikely prospect) then the
advanced blades discussed above could be considered ais immediately available for
such restricted applications. H-owever, the noise, cost, and weight benefits
predicted for these propeller designs must await an improvement in material and
manufacturing technology before they can be realized for the whole fleet, rather
than just for the twin engined business aircraft fleet, some of which currently use
NACA 16 airfoils.

Blade Sweep

Primary interest in the use of blade sweep in propeller designs is directed
towards high speed propulsors for Mach 0.8 cruise transport category aircraft. 30 In
such cases the propeller blade tip speeds are subsonic in rotation but supersonic in
helical motion. Thus large areas of each blade are supercritical (with local flow
velocities eceeding sonic speed). Applying blade sweep reduces these local
velocities and local pressure gradients, and therefore contributes greatly to
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improved aerodynamic performance and reduced noise output. A further advantage

expected of blade sweep on noise generation is that of the geometric phase lag
between the blade element sources. This effect, which should result in a change of

the sound pressure time history at the observer location, is being closely investi-
gated by Hamilton Standard in the advanced "prop-fan" designs.

The application of blade sweep to the small propel ler-dr iven fleet of
airraf i shwn y ucc28and Klatte and Metzgerl to have significant potential

for noise reduction. For example, Succi performed theoretical analyses of a wide
range of sweep configurations applied to a Cessna 172 aircraft propeller with
NACA 16 airfoil blades. His analysis suggests that up to 8 dB reduction might be
achievable from moderately complex configurations, and up to 5 dB reduction for

41
less complex sweep configurations. Klatte and Metzger examined the potential
of blade sweep for the Debonair aircraft example. Their theoretical work

indicated that a further 5 dB noise reduction might be achieved, relative to the
optimum nonswept blade discussed in the preceding note on combined changesI
(without cost or weight increase). The Klatte and Metzger study applied a 52

degree sweep at the radial station where critical flow first occurs. However, they
also showed that while propeller weight would not be a detrimental factor, costs
would be well in excess of that of current conventional propellers. The benefit of
new technology in propeller materials has been examined by Keiter~ 3 , 44 of Cessna
Aircraft, McCauley Accessory Division. In these studies, aluminum blades were
considered to be replaced by composite materials, such as E-glass, S-glass, Kevlar
and Graphite, for a range of Cessna aircraf t (I172N, AI 88B, 210OM, 414A and 441
models) while the additional cost of advanced propellers for these aircraft was

predicted to be substantial, the total retail cost of the aircraft, and the operating

cost, was predicted to be substantially lower (than the current baseline design) due
to the more substantial savings incurred by airframe/engine resizing and more
efficient economic performance.

A most significant finding of the Keiter study was that aircraft designed to
meet the current FAR 36 noise limit, using advanced technology, should be able toI
retail at a cost savings of 8 percent to 16 percent lower than the current
technology equivalents, and with between 7 percent and 17 percent reduction in
trip fuel consumption. Designing these aircraft to meet a noise limit 5 dB lower
than the current FAR 36 would reduce these savings by the order of I percent or
less. Further reference is made to these results in Section 3.4 which summarizes
the expected propeller noise reduction benefits of current and new technology.
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Propleft

The potential aerodynamic benefit of the use of airfoil-tip winglets has

been known for some time and has been used or experimented with in a wide range

of aircraft wing applications. In more recent years this experimentation has

extended to propeller blade tips, such as in the so-called Hartzell Q-Tip propeller.

Unfortunately, these experiments have not shown a consistent benefit in noise

reduction, possibly because the benefits depend on the predominant source of noise
(whether it is loading or thickness), and whether the proplet is used to gain extra

performance rather than reduced noise.

Two recent studies4 5 '46 of proplets have shown that these devices are

capable of providing noise reduction by trade-off of the improved performance

potential. Irwin and Muzman 4 5 suggest that a I percent increase in propeller

efficiency is attainable at advance ratios corresponding to maximum efficiency,

but that optimization of proplet design may be necessary to achieve the greatest

benefit. Sullivan, Cheng and Miller 46 suggest that the potential increase in

propeller efficiency may be as much as 1-5 percent. From a noise reduction

viewpoint, this efficiency benefit can be used to reduce propeller diameter, and

hence blade tip speed. This approach was included in the study by Korkan,

Gregorek and Keiter4 Z and indicated potential noise reductions of 3 dB for the

Cessna 172, 2 dB for the Cessna 210, and I dB for the Cessna 441, as shown in
Table 13. These results were also included in Keiter's review of advanced propeller

technology. 
4 4

3.3.2 Noise Reduction Benefits of Applying Other New Aircraft Design
Technology

The preceding discussion has emphasized noise reduction of the primary

noise source - the propeller. However, as indicated earlier, noise under the takeoff

path can be reduced if climb performance can be improved. The reverse is, of

course, also true so that any noise reduction technique which reduces aircraft

climb performance will be partially or wholly negated without a compensating

change in the aircraft design to overcome or cancel out the performance

degradation. Because of the high development costs associated with any basic

changes to on aircraft design, such changes are unlikely to be economically feasible

solely to meet noise reduction requirements. However, where they are achieved

for other reasons, such as improved economy, climb performance, etc., their

corresponding noise reduction benefits bear consideration.
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Airframe Design and Noise

One view of the basic airframe design conditions for an aircraft is

illustrated in Figure 20. The excess available power, over that required to

overcome induced drag and form drag, is available for climbing. The lower the

combined drag, the more excess power available and hence the better the climb

performance.
4 7

L

A simplified model for the performance of fixed wing aircraft is provided

by the following expressions:

Climb Angle, oc = sin I - L]

Rate of Climb, R/C 2 [ T :13

Takeoff Distance, D* [50/ T- C] + (W/A)/(T/W)

where

T/W = Ratio of propeller thrust (T) to Takeoff Weight (W)

W/A = Wing Loading, ratio of weight (W) to wing area (A), lb/ft 2

CD/CL = Ratio of drag (CD) to lift (CL) coefficients

pog = Weight density of ambient air

A representative set of values for these parameters for a single engine

piston aircraft, with a maximum takeoff weight of 3,000 Ib, is given by

T/W 0.23

W/A = 18 lb/ft 2

CD/CL = 0.11

pg = 0.0765 lb/ft 3 at 150C, sea level

CL = 2

*Distance from brake release to clear a 50 foot obstacle; assumes a linear decrease

in acceleration from an initial value of T/W at brake release, to 0 at lift-off.
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Maximum Power A/oximum

Excess Power
PowerAvailable for Climb

Total Power Required
I for Level Flight

Air Speed

Figure 20. Illustration of Typical Aerodynamic Drag/Engine Power Tradeoff
Concepts for Propeller Aircraft (from Reference 47)
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The corresponding performance parameters are

oc, Climb Angle = sin' 0.12 = 6.99

RIC, Rate of Climb = 627 ft/min

D5O, Takeoff Distance = 1,780 ft

At a distance of 2.5 km (8,200 ft) from brake release, the height, H, of the
aircraft on takeoff would be

H 50 + (8,200 -D 50 ) (tan ox)

= 820 ft

Assuming the baseline aircraft just meets the noise certification criteria

(80 dB(A)) at 1,000 ft with a maximum continuous power setting and that the higher
propeller rpm during takeoff increases the source level by 3 dB, the expected level
on the ground at 2.5 km from brake release would be

LAMaX 80 + 20 log, 0 (1000/820) + 3, dB

- 84.7 dB(A)

With this as a baseline condition, one can approximate the decrease in
noise level on the ground attributable to the following type of changes in the

airframe design.

o Reduce the takeoff weight by 3 percent (assuming the some
payload) - this increases the thrust to weight ratio (T/W) and wing
loading (W/A) correspondingly, or

o Reduce the drag coefficient (CD) by 3 percent, or

o Increase the lift coefficient (CL) by 3 percent.

Applying each of these small, but still very significant design changes one
at a time, and then in combination, one can show that the maximum noise level in
the ground would be expected to decrease approximately as shown in Table 14.
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Table 14

Illustration of the Potential Noise Reduction During Takeoff
Achieved by 3 Percent Improvements in Aircraft Performance Parameters

Improvement

Reduce Weight Reduce Drag Increase Lift( All Three

Base
Line

Parameter Value Value A Value A Value A Value A

T/W 0.23 0.237 +3% 0.23 0 0.23 0 0.237 +3%
W/A, lb/ft 2  18 17.5 -3% 18 0 18 0 17.5 -3%

CD/C L  0.11 0.11 0 0.107 -3% 0.107 -3% 0.103 -7%
CL ,  2.0 2 0 2 0 2.06 +3% 2.06 +3%

D50 , ft 1780 1681 -5.6% 1770 -0.6% 1730 -2.8% 1023 -8.8%
Climb Angle, deg. 6.90 7M30 +5.8% 7.10 +2.6% 7.10 +2.6% 7.70 +11.6%
R/C, ft/min 627 654 +4.3% 644 +2.7% 634 +1.2% 680 +8.4%
Ht @ 8200 ft, ft 820 878 +7.1% 843 +2.8% 848 +3.4% 931 +13.6%

LAMa x , dB(A) 84.7 84.1 -0.6 dB 84.5 -0.2 dB 84.4 -0.3 dB 83.6 -1.1 dB

(I) Assuming change in airfoil shape only with same area.

While these hypothetical changes in performance are both significant and
potentially costly to develop, the changes in noise level are small and probably not
significant except for the last case. Nevertheless improvements in aircraft takeoff
performance, especially that die to reduction in takeoff weight, are clearly
desirable for other reasons and the corresponding noise reductions will become a
very desirable side benefit that can be realized by such improvements in airframe
design.

3.4 Summay of EXete-ed Benefits

3.4.1 Current Technolo y

The opinion of the industry an the use of current technology for noise

reduction purposes is clearly expressed by Hooper and Smith7 who claim that it has
been used to the limit, both for propellers and engines, to meet the current FAR

Part 36 Appendix F noise limits. The studies by Cessna for purposes of the present
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work indicate that the performance margin available for further noise control is

likely to be insufficient for single-engine aircraft, but may, in some cases, be

economically feasible in twin-engine aircraft. However, it may not be practical to

differentiate in a noise regulation between aircraft models which have and have

not a potential for further noise reduction. Such differentiation is, however,

already evident, but not from a regulatory viewpoint, by the usage of MNOP as a

noise limiting method. It seems unlikely that this approach could be considered as

having a wider application across the aircraft fleet to meet more stringent noise

limits.

In summary, current (off-the-shelf) technology does not appear to have the

potential of meeting more stringent noise limits for the current flyover test

procedures, at least for single engine aircraft. Reference to the study of takeoff

noise level predictions, presented in Section 2.2. for a sample fleet of aircraft

models, would indicate that many of the currently certificated models may not be

able to satisfy noise goals derived for the majority of the fleet. It is therefore

concluded that more stringent noise limits will only be economically viable by the

use of advanced technology propeller designs which con be integrated with current

technology engines.

3.4.2 Advunced Technology

The potential for future benefits in noise reduction by development of new

technology propellers has been extensively evaluated by a number of recent

studies, as discussed in Section 3.3. The most recent of these by Keiter 4 4 in 1981,

based on a study by Ohio State University and Cessna Aircraft, indicates that the

use of advanced blade airfoil sections, composite materials, blade tip sweep and

proplets, together with optimization of diameter (In some cases by increase of

diameter), propeller rpm, and engine/airframe sizing has the potential for meeting

noise limits 5dB lower than current FAR Part 36 with substantial reduction of

retail and operating costs. The cost penalty for the 5dS lower limit was estimated

to be of the order of I percent, this being deducted from a net cost benefit of the

order of 7 percent to 16 percent resulting from the technology application.

However, many of the concepts employed in these recent studies are a

result of theoretical evaluations using the most recent of acoustical and aero-

dynamic analytical methods. In each case, the researchers call for development
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programs to verify their findings. Since the one aim of the regulatory process is to
ensure that the technology is fully utilized, it would appear reasonable to plan for
imposition of lower noise limits of the order of 5 dB to become effective in a
future time period, selected to allow sufficient time for the necessary validating
development to be accomplished.
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4.0 CONSIDERATIONS FOR AMENDMENT OF NOISE REGLATIONS FOR

PROPELLER-DRIVEN SMALL AIRPLANES

Four areas of possible amendments to the existing noise regulations in
Appendix F of FAR Part 36 (see Appendix A herein) are considered in this section

based, in part, on the material presented in Sections 2 and 3.

I. Change in test procedures to reqJire the use of a takeoff test in

place of or in addition to the current level flyover test.

2. Change in the noise metric from LA Max to SEL (or LAX).

3. Change in Appendix C or F of FAR Part 36 to eliminate the

discontinuity between the current rules at a maximum gross weight

of 12,500 pounds. (The discontinuity occurs at 5,700kg or 12,568
pounds for Appendix 3 of ICAO's Annex 16 noise regulation.)

4. Any possible change in noise limits associated with any one of the

above three items.

4.1 Choae in Test Procedure

In Figure 4 (Section 2), it was shown that at the same distance underneath
the flight path, the noise is expected to be higher during takeoff than during cruise

power settings due to the higher propeller rpm for the former condition. The
exception observed was the cruise optimized fixed-pitch propeller aircraft which
hod a lower rpm during takeoff than during cruise at MNOP.

Thus, it could be argued that a takeoff noise certification test should be

required for all propeller-driven small aircraft, with the possible exception of
cruise optimized fixed-pitch propeller aircraft, to insure that worst case conditions
are employed for the test. A counter to that argunent is that for many airports,
the population density is very low near the airport boundary underneath the
climbout portion of a departure. For the majority of propeller-driven small
aircraft operations (ie., single engine, less than 3,500 pounds), the largest number

of people under departure paths are likely to be exposed to reduced power
conditions employed after the aircraft has leveled off at normal departure or
pattern altitudes. However, the population along the airport runway sidelines may,
in some situations, receive a considerable exposure to the noise during takeoff,

even considering the additional ground attenuation loss of the takeoff noise duing
initial ground roll. Precise generalization is not possible as to which portion of the
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flight of departing propel ler-dr iven small aircraft has the greatest noise impact on

a community - the initial ground roll and takeoff at maximum takeoff power, or

level flight at normal cruise power (or maximum normal operating power). This

can only be resolved accurately for specific airports, case by case, or by collection

and evaluation of noise exposure data and population density around a large sample

of general aviation airports. No such detailed data exist at present. Therefore, in

the absence of such data (see Appendix D for a global view of the noise impact

near general aviation airports), the argument given at the beginning of this

paragraph may be considered a necessary and sufficient reason for noise certi-

fication requirements for all but cruise optimized fixed-pitch propel ler-dri ven

small airplanes to be based on levels measured (or computed) at a position

underneath the aircraft during takeoff. Note that the performance correction

currently applied in Appendix F of FAR Part 36 and in Appendix 3 of ICAO's

Annex 16 only accounts for the variation in altitude, due to the variation in

climbout performance, at a nominal distance of 11,430 ft (approximately 3.5 kin)

from brake release. However, the difference in source level under the takeoff path

due to variation in propeller rpm between takeoff power and maximum normal

operating power is not accounted for by this correction.

To accomplish such a revised certification requirement, two options

appear to be possible:

1. Conduct the noise certification tests so as to measure directly the

required takeoff noise level, or

2. Modify the existing performance correction applied to level flyover
test measurements to provide an effective measure of takeoff noise

levels.

Based on the results obtained in this program, either approach appears

feasible as outlined below.

4.1.1 Direct Measurement of Takeoff Noise Levels

The following observations are based, to a large extent, on the results

obtained from the flight test program, conducted with Cessna Aircraft Company,

which is reported in detail in Appendix B.

41..1~. Measurement Loation

Although a sideline measurement position was considered in the initial

planning of the test program, it was not utilized. To maximize the simplicity and
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validity of the takeoff noise tests, only positions uhnder the flight path are needed.
A position of 2.5 km (8,200 f t) from brake release is considered optimum on the
basis Of the following rationale:

a. 2 km (approximately 6,560 ft0 from brake release represents the
minimum distance that is practical, based on aircraft heights and
the need to represent a realistic environmental problem area.

b. 3 km (9,84&0 ft0 and greater distances present dif ficul ty because

- suitable measurement locations are not available at such
distances near many general aviation airfields;

- ambient noise can become too high far quiet, high perfor-
mance aircraft.

C. 2.5 km is considered to be a good compromise.

4.1.1.2 Selection of Flight Profile

In contrast to the requirement for level flyover tests that the height of
the aircraft above ground level be within +30 ft of a 1,000 ft reference distance, no
such direct control an aircraft height is involved for a takeoff test. However, the
aircraft performance during takeoff must be controlled - this sets the altitude
indirectly. It is recommended that a "best rate of climb" takeoff profile be
required for takeoff tests.

An alternative "takeoff" procedure was evaluated which showed nearly
identical results, when allowance was made for minor variations from the actual
takeoff tests, in altitude or propeller rpm. This consisted of a simulated climbout
initiated after a low level, low power approach, followed by acceleration and then
climbout along a predetermined profile, calculated by Cessna, to simulate a
takeoff profile which passed through the 1,000 ft altitude over the measurement
point.

4.1.1.3 Measurement of Noacoustic Test Parameters

As discussed in Appendix B, the pertinent airplane flight parameters (ie.,
propeller rpm, indicated airspeed, and temperature) were measured with standard
on-board irstrumentation and logged, manually, by the pilot or test observer.
Airplane height was measured -photographically.
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Test Durations

As indicated below, only small differences were observed between the
duration of each test allowing time for the aircraft to land and reposition at broke

release (where appropriate), or circle around for another pass over the microphone

array.

Average Time

Test Between Tests

Takeoff Tests 6 min.

ISimulated Climbout 5 min.

1,000 ft Flyovers 4 min.

4.1.2 Correlation Between Takeoff, Simulated Cl imbout, and Level Flyover

Consider, for now, the correlation between only the maximum sound

I levels (LA ) on takeoff or simulated climbout and the level measured for level
flyover. We will consider this correlation again in the next section in terms of the

sound exposure level.

The simplest form of such a correlation can be demonstrated by applying

corrections to the measured takeoff (or simulated takeoff) levels to account for

differences, in propeller rpm and distance, from corresponding values for the level

flyover condition. For convenience, the latter will be represented by the average

measured values, corrected to a 1,000 ft distance, qs summarized earlier in

Table 4(d).

The results of this process are presented in Table 15. The correlation is

* quite good for the first two aircraft. As illustrated later, the noise during takeoff

of the 1 72P aircraft appears to be a combination of propeller and exhaust noise so

I that the flyover noise levels computed from the takeoff tests do not agree as

* closely with the actual measured values.
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Table 15

Illustration of the Correlation Between Measured Takeoff (for Simulated Takeoff)
Levels Corrected to Flyover Conditions, and the Average Measured Values

2 LAMax (Flyover)

Test I rpm ref
Aircraft Condition LAMax  Corrected Measured

dB(A) dB - dB(A) dB

402C T/O 82.0 -2.7 79.3 79.8 +0.5

T210 T/O 82.5 -3.2 79.3 79.5 +0.2
S/C 83.3 -2.8 80.5 79.5 -1.0

172P T/O 69.6 +7.5 77.1 75.1 -2.0
S/C 68.9 +7.8 76.7 75.1 -1.6

_ I I Average A -0.8

I Measured test level corrected for spreading loss between Test Ht. and Reference Ht. 1,000 ft
(from Table 4(d)

2Correction, derived from Figure 4, for difference between test rpm and rpm for level
flyover.

Nevertheless, the average difference between computed and measured
flyover levels is -0.8 dB, illustrating the reasonableness of computing either
takeoff or flyover noise levels for propeller-driven small propeller aircraft, given
the other value.

4.2 Noise Measurement Considerations

Three different noise metrics were evaluated in the tests described in
Appendix B.

o Maximum Sound Level, LAMax

o Sound Exposure Level, LAX (using the ISO terminology)

o Average Sound Level, Leq

The latter measure is reported in the detailed data in Appendix B but is
not considered further in this section. It is best used to define the "average" noise
level over a defined period of time instead of over a single (aircraft flyby) event
whose effective duration can vary with speed or altitude of the aircraft.
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Tine remainder of this section will consider the various aspects involved in

measurement of either of the first two noise metrics, LAMax or LAX, the
relationship observed between them, and the possible change from LAMOX to LAX

for noise certification.

4.2.1 Microphone Height

A typical time history of the A-weighted sound level, relative to its

maximum value, is shown in Figure 21a) from one of the flight tests described in

Appendix B. The plot shows the relative levels measured at the 2.5 km measure-

ment location for both a 1.2 m and 10 m microphone height. The former height is

currently required in Appendix F while the latter has received increasing consi-

deratienn for noise certification measurements of jet-powered aircraft in order to

minimize ground reflection problems. As shown in Figure 21(a), the time history of

the relative A-weighted sound levels measured for the two microphone heights are

in close agreement. However, Figure 21(b) shows how the time history of one-third

octave bond levels at 250 Hz from this same test exhibit. the presence of very

large fluctuations in level at the 10 m microphone. These large fluctuations are

due to cancellation and reinforcement of the propeller noise harmonic at this

frequency by ground reflections. Similar ground reflection anomalies also occur

for the 1.2 m microphone, but are at higher frequencies and are lesser in

fluctuation amplitude. It therefore appears that ground reflections for propeller

noise may actually not be as significant for a 1.2 m microphone helght as for a

10 m microphone height. This may be due to the fact that for the 1.2 m height, the

frequency spacing between cancellation dips is much larger than for a 10 m height,

thereby reducing the occurrence of coincidence with propeller harmonic

frequencies. It is possible, however, that in some unique test cases, the

cancellation effect may be problematic with a 1.2 m height microphone, depending

on whether the aircraft propeller frequencies are "tuned" to the cancellation dip

frequencies.

A more detailed comparison of the relative utility of a 10 m vs 1.2 m

microphone height is not attempted here. However, it is possible to generalize as

follows. Table 16 contains a summary of the average and standard deviations of all

the measurements from the flight test program. From examination of this table,

one can show the following:

o The average values of maximum sound levels, LAMax, measured at

1.2 m differed from those at 10 m by a mean value of +0.3 dB

+1. 1 dB (the values at 1.2 m were higher).
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Figure 21. Time Histories of Relative A-Weighted Sound Level (a) and 250 Hz One-
Third Octave Band Level (b)oat 1.2 m and 10 m Microphone Positions.
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Table 16

Summary of Measured Data from Flight Test Program
(see Appendix B)

Microphone 172P T2 ION 402C
Sound

Condition Position Ht. Level LAMax LAX LAMax LAX LAMax LAX
km m Parameter -- dB(A) - dB(A) - dB(A)

LFO 2.0 12 - 77.8 83.50.56 0.36

10 74.4 81.8 76.8 82.3 77.9 83.7
* 0.90 0.92 0.,4 0.62 0.65 0.28

2.5 x 74.9 82.0 79.3 84.3 80.3 85.71.20.22 0.73 1.35 0.85 1.08 0. 62

x 74.6 82.4 77.3 83.8 78.7 85.010 0.38 0.94 0.90 0.88 0.71 0.45

T/O 2.0 - - 87.0 91.8 83.3 89.5
1.2 0. 0.21 1.25 0.56

x 76.6 85.0 88.8 93.5 83.9 90.4
100.74 0.50 0.24 0.25 1.02 0.57

2.5 x 74.8 84.3 86.9 92.4 83.7 90.2
1.2 0.56 0.50 0.96 0.66 0.99 0.38

S74.8 84.5 86.6 93.2 82.5 90.0
0_0.52 0.38 0.65 . 4 0.71 0.46

S/C 2.0 1.2 ..

10 x 69.5 81.4 83.5 89.7 -
1 0.5 0.2 - -

2.5 12 x68.5 80.4 83.3 89.6 -

1.2 0.5 0.4 0.3 0.7

67.6 80.6 83.8 90.310 0.6 0.35 0.25 0.65

Standard Deviation of measured values includes the effect of the variation between runs of height
or propeller rpm. This variance is nominally constant with each aircraft type/flight condition
block.
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o The corresponding average values of sound exposure level differed

by -0.2 dB +0.5 dB (i e., the values at 1.2 m were lower).

o The average standard deviations of these noise metrics were 0.71 dB

and 0.60dB for LAMOX at 1.2m and 10m, respectively (not

significantly different), and 0.54 dB and 0.57 dB for LAX at 1.2 m

ard i0 m, respectively.

Thus, the noise levels measured at 10 m appear to hove approximately the

some variability as those at 1.2 m and a very slightly lower maximum sound level -

a result that is not inconsistent with previous observations. 4 8

More detailed considerations of the effect of microphone height are also

reported in References 49 and 50.

Before leaving this topic of ground reflections, attention is drawn to

Figure 22 which shows an overlay of the time histories of the A-weighted sound

levels from two successive flights of the 402C two-engine aircraft as measured at

2.5 km with a 1.2 m microphone height. The plot of relative levels for the second

run (#7) was adjusted, vertically, so as to coincide with the first run, during the

period of build-up and fall-off from the peak values. Note that this second record

0 
V

Run ft Kts

6 1000 185
c -10 - - -7 1000 184

Microphone at

-N 2.5 Km & 1.2 m

-30QI,
I~cc

Time-

Figure 22. Illlstration of Possible Phase Cancellation Effect, at a 1.2m
Microphone Height, for a Two-Engine Propeller Aircraft Level
Flyover at 1,000 ft
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shows a distinct dip in the peak level. The implication is that the combination of a
ground reflection pattern and phasing of the two propeller signals served to cause

this dip in the maximum sound level far the second test. This is confirmed by the

measured data observed for this pair of tests as follows.

LA Max, dB L AX, dB

Run 6 81.0 86.0
Run 7 80.0 85.9

Thus, the time- integrated levels are necirly identical far the two runs while the

maximum values differ by 1.0 dB for these tests. This dip in time history at the
nominal paint of maximum level was observed in four out of the nine level flyovers

for this aircraft but did not appear on any of the six takeoff flights.

In summary, there is not any substantial justification for changing from a

1.2 m to a 10 m microphone height based on the results of the tests reported here.

4.2.2 Instrumentation tor the Measurement of Maximum Sound Level or Sound
Exposure Level

Two types of instrumentation were utilized in the flight tests for this

program:

* Direct reading integrating sound level meters with (GenRad 1988) or

without (Bruel & Kjaer 2218) a "maximum level'" feature to hold the

value of the maximum sound level for convenient readout of LA MOx*
Both types of meters provide a digital readout of sound exposure

level and integration time. Such meters have been defined as
integrating-averaging sound level meters in a current draft standard

for such instruments. 5 1 The GenRod unit was more convenient to

use for those aircraft noise flyover measurements in two respects:

1) The holding feature allowed the maximum level to be read,

easily and unambiguously, to within 0. 1 dB.

2) The GenRad meter also read integration time to the nearest

second as opposed to a reading to the nearest 0.00 1 hour

(3.6 sec) for the Bruel & Kjaer model.

* Tape-recorded data, using high quality (Nogra Model SJ) tape

recorders and subsequent tape analysis into an integrating sound

level meter to read for LA Max or LAX, a spectrum analyzer for

spectral content, or graphic level recorder to observe the time
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histoi y. While this type of instrumnentation was highly desirable for

the type of exploratory measurements carried out for this program,

it is not absolutely required for- routine noise certification.

However, as a reliable record of the field measurements, such a

recording is invaluable and should be acquired whenever possible.

Table 17 lists additional details on many of the other sound level meters

currently available on the market. Most of the other manufacturers - Metrosonics,

Monarch, Quest, and Digital Acoustics - make integrating sound level meters. One

potentially useful feature for such integrating sound level meters, which is

available on only a few models, is an adjustable or fixed internal threshold setting.

This establishes a minimum sound level, below which the integrution circuit does

not operate so that one measures, in ef fect, only that part of the sound ener gy on a

given single event that lies above the threshold level.

For the GenRad and Bruel and Kjoer units utilized in this program, there

apparently is no such internal threshold which cuts off the integrator. Thus, if

these meters were placed in a very quiet location where the acoustic ambient noise

level was below the internal electrical background noise of the instrument, they

would integrate this internal noise, and register an output reading corresponding

only to this internal noise. However, this is not necessarifly a handicap since this

feature can be used as a means of checking on the internal noise floor to verify the

integrity of any actual measured noise event.

Furthermore, an additional means of counteracting any potential errors

associated with integration of the meter's internal noise floor is provided by at

least one model (GenRad 1988). This model indicates when the measured sound

level falls below the internal noise floor more than about I percent of the time
while the meter is integrating the sound exposure level. Finally, a more general

safeguard against any significant errors in the output of an integrating sound level
meter due to its internal noise floor is expected to be included in the performance

standard for such meters.5 ' This is expected to require that the lowest sound level

for which the meter can be used, reliably, will be defined so as to ensure accurate
readings of sound exposure level within the meter's specified tolerance

requirements.

With this general background on the instrumentation aspects of the noise
measurement, consider no~w the more detailed evaluation carried out in this

program concerning the measurement of sound exposure level of small propeller

aircraft flyovers.
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4.2.3 Measurement of LAX Using Direct-Read Integrating Sound Level Meters

The definition of the single event exposure level, LAX, as given by

International Standard ISO3891-1978(E), "Acoustics- Procedure for Describing

Aircraft Noise Heard on the Ground," is

LAX LAMax + 6A

where

LAMax is the maximum A-weighted sound level, and

a A  is a duration allowance which accounts for the time history of the noise

event between the first and last instants at which the noise level is 10dB

below LAMaX.

In effect LAX is the I second equivalent energy noise level obtained by

time integration of LA between the so-called "10 dB down points."

Direct-read integrating sound level meters provide a measurement of this

I second equivalent energy level for either a preselected time period, or for a time

period between manually activated start and stop instants. In both cases, the

integration period is stored (and can be displayed) with the LAX value. The

problem of direct read, field evaluations of LAX for aircraft flyover noise events is

simply that there is no prior knowledge of the first IOdB down point. The

following information has been derived from tape-recorded histories of noise of

three different aircraft in different flyover modes of operation.

Figure 23 illustrates a typical time history of LA during an aircraft

flyover event. The time history commences at some preselected marker station,

eg., brake release for a takeoff case or overfIight of a runway reference point for

level flight cases, and ends at the 10 dB down point after LAMax.

Table 18 shows values of LAX obtained by allowing the time integration

process to commence at (a)a marker point well in advance of the noise event,

(W)at 10second intervals after the marker point, and (c)at the first irntant at

which LA is within iOdB of LAMOx. In all cases, the integration ended at the

instant the sound level hod diminished by I0 dB after LAMax.

In addition, the table shows the time, in seconds, between the 10 dB down

points (corresponding to the reference value of LAX), the value of LAMax during
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the flyover event, the total duration, in seconds, of the aircraft flyover from the
marker point to the last 10dB down point, and the nbient noise level just prior to

the flyover.

Table 18 was derived by analysis of tape-recorded sound histories

acquired at a measurement site using the 1.2 m microphone, 2.5 km from a brake

release marker point on the takeoff runway, and on the extended centerline of the

takeoff runway.

Four different methods of obtaining LAX values in the field, by means of

direct-read integrating sound level meters, were used for comparison purposes in
Table 19, based on the data shown in Table 18. The differences between the LAX

values obtained by these methods, relative to the LAX value for the period
between the 1OdB down points, are also shown in Table 19.

Additionally, an approximate evaluation of LAX, as described in

ISO 3839- 1978(E), is compared with the reference LAX value.

The Table 19 values of LAX are described as follows:

Columnn i: LAX (Ref)

These values of LAX are for the period between the 10 dB down points,

and can only be obtained by subsequent analysis of data records.

Column 4: LAX from Marker

These LAX values can be obtained directly in the field by commencing
time integration at the instant of brake release for a takeoff event (or at the

instant of flyover of the broke release marker point for other flight profiles). Time

integration is (manually) stopped, after the occurrence of LAMax, when the
A-weighted sound level is I0dB below LAMax* It should be noted that this may

not always be the "last instant" at which LA is 10dB below LAMaX.

Column 5: LAX from 20 seconds after Marker

These values om LAX can also be obtained directly in the field by
commencing integration 20seconds after the above-mentioned "marker point"

irstont. The objective of delaying the integration start is simply to reduce the
period of ambient noise integration.
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Column 6: LAX = LAX (Col. 4) - LAX (ambient)

This method of evaluating LAX can be performed in the field by obtaining

a. Leq (ambient)

b. LAX, the direct read value over the integration period, and

C. Tint, the integration time, in seconds, corresponding to LAX.

These values con be obtained directly from integrating sound level meters.

The corrected value of LAX is given by

L LAX(m) LAX(amb) d
LAX = lOglO I 0 0 'I d

where

LAX(m) = LAX (measured), and

LAX(amb) = Leq (ambient) + 10 Ilog10 (Tint/') , dB

The LAX values in Column 6 are based on the measured LAX and Tint values
obtained by commencing integration at the marker point.

Column 7: LAX = LAX (Col. 5) - LAX (ambient)

The procedure for evaluating LAX in Column 6 is repeated for Column 7

except that the values of LAX and Tint are those obtained by commencing
integration 20 seconds after the marker point.

Column 8: LAX =LAMaxAA

This method of obtaining an approximate value of LAX is described in
ISO 3891-1978(E) and con be employed in the field if a time history trace of LA is

acquired. In the approximate method, the value of LAMax is corrected by a

factor AA given by:

AA = 10 log10 (22t)
where

t2 - ti  is the time period, in seconds, between the first and lost instants

at which LA is within 10 dB of LAMax*
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The approximate resulting value of L AX is therefore based on the

assumption that the time history "shape'? is symmetrically triangular about the

LA Max instant.

Error evaluations are shown in the last five columns of Table 19. These

errors are simply the differences between the L AX values obtained by the above

methods, relative to the reference L AX values in Column 1.

To summarize, it is evident from the example cases shown in Table 1 9

that it is beneficial to reduce and/or account for the effect of ambient noise in

evaluating L AX by direct field measurement procedures. It is also evident that the

ISO method for obtaining an approximate value of L AX is inferior to those which

employ direct read integrating sound level meters.

For future possible regulatory purposes of obtaining a valid measurement

of L AX for small propel ler-driven aircraft, the following should be considered:

a. The minimum period of time integration should include the period

between the first and last instants at which LA is within I 0 dB

of LAMax

b. Measurement of L AX should include a measurement of the inte-

grating period over which the L AX evaluation is obtained.

C. A measurement of ambient noise, L eq , dB(A), should be obtained

before and after the aircraft flyover event.

d. Corrections to the measured value of L AX, to account for ambient

background noise, may be made provided such corrections do not

exceed some specified amount (e.g., 0.5 dB). Such corrections

should be based on the measured values of L AX, T ipt and L eq
(ambient) as described in this section.

4.2.4 Conversion Between LA Max and L AX for Level Flyover or Takeoff Noise

Tests

It was shown earlier how it was possible to convert the maximum sound

level measured under the takeoff path to the maximum level underneath the

aircraft for a level flyover. The conversion process simply corrected for the error

in source level due to differences in propeller rpm and for spreading loss, due to

differences in aircraft height over the measurement point. Consider now an

additional conversion - between maximum sound level and sound exposure level -
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for either level flyover or takeoff aia, hence, conversion from LA~a for level
f lyover to L AX for takeoff (or vice versa).

To develop the conversion algorithms, several analyses were made. First,
the time histories for each of the flights, as measured at 2.0 and 2.5 kmn with the
.2 m microphone height, were collected and time histories for all similar flight

test conditions superimposed, as illustrated in Figure 24, relative to the level and
time of the maximum level. For each of these composite time histories of relative
level, a smooth line was drawn through the data and "data" points read from each
of these average curves to define an average relative time history for each case.

The resulting average relative time history "data" are shown in Figure 25.
Now assume, for a first approximation, that the maximum sound level is observed
when the aircraft is nearly overhead. This is a reasonable assumption since
published data indicate the maximum A-weighted level for flyover of small

propeller aircraft actually occurs at an angle of about 5 0 past directly overhead.52

One can then normalize these various time histories to a single reference aircraft
height and speed. Reference values of 1,000 f t and 160 kts (270 f t/sec) were
employed for converiien-ce. Neglecting the So shift from directly overhead for
LA Max involves a time error of about 0.3 seconds for the reference height and
altitude. The normalization process simply consists of changing the time t for
each data set to a normalized time t' given by

V=t (V12 70) /(PR/,000), sec

where V, R the average true airspeed, in ft/sec, and aircraft height, in ft,

respectively, for the averaged time history.

In addition to the preceding assumption about the directivity of the
propeller noise, this normalization of the time scale also assumes that atmospheric
attenuation is negligible and need not be considered in scaling the time history.

The result of applying this scaling process to the raw averaged time
histories in Figure 25 is shown by the data in Figure 26. The collapse of the
relative time history data for the flyover and takeoff tests is quite satisfactory
except for the 1 72P aircraft on takeoff. As indicated earlier, the propeller rpm for
this aircraft is lower on takeoff than during level flight and it is believed that this
resulted in a strong influence of engine exhaust noise which has a much broader
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Figure 25. Average Relative Time Histories of Sound Levels Measured
for a) Level Flyover and b) Takeoff Tests.
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directivity pattern approaching that o' a monopole. Excluding the data for the

172P takeoff time nistory, it was possible to construct a single curve through the

remaining data in both Figure 26(a) and (b) to represent a normalized time history

of the A-weighted sound level, relative to the maximum vclue. This empirical

curve is shown in Figure 27. Also shown on this figure are the data points from

Figure 26(a) and (b) for the normalized average flyover and takeoff time histories

of the 402C aircraft as neasured at the 2.5 km point with the 1.2 m microphone.

The excellent collapse of the data, when time is normalized by the simple linear

model invoked above, is quite evident.

While the curve in Figure 27 is based only on the 35 flights conducted for

the three aircraft types tested in this program, it is believed to provide a good first

approximation to the time history of A-weighted sound levels for takeoff or level

flyover at high power for most propeller-drivpn small aircraft. Again, the

exception is the propeller-driven small aircraft with o fixed-pitch propeller

optimized for cruise. Since takeoff levels for such aircraft (re also expected to be

lower than flyover le els at the same distance, the takeoff conditior, srould not eC

significant for regulatory purposes anyway. Thus, with this one e--ception, the

average line on Figure 27 is proposed as a preliminary model for converting from

maximum A-weighted sound level, LAMax to sound exposure level, LAX' for

purposes of regulatory action, for propeller-driven small aircraft. Refinement in

this model would be desirable based on a broader data sample.

It must be emphasized again that this proposed approach is based on an

ideal inverse square spreading law for sound propagation losses inherent in the

simple linear time-scaling law outlined above. However, this is considered to be a

satisfactory approximation for the range of propagation distances involved in

converting LAMax to LAX for measurements at 1,000 ft under a !evel flight or at

2.5 km from brake release where aircraft altitudes are expected to fall typically in

the range of 500 to 1,500 ft. Based on the normalized time history in Figure 27,

with a reference distance of 1,000 ft and reference speed of 160 kts (270 ft/sec),

the "10dB down" points occur at an angle approximately ±450 from vertical

(ignoring the small bias of about 50 in the position of maximum levels from an

overhead position). As indicated by the following sketch, a correction for changes

in air absorption loss when converting a time history for a 1,500 ft overhead height

to a time history for a 1,000 ft distance would involve a change in levels at the

"10 dB down" points due to air absorption over a distance of R2 -R I = 700 ft.
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Figure 27. Average Normalized Time History of Relative A-Weighted Sound Levels
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Illustration of Small Error in Time History of Level, L(t), if Air Absorption is
Ignored When Converting from Level at 1,500 ft Flyby to Level at 1,000 ft Flyby.

Based on a typic6I effective value of about 1.1 dB per 1,000 ft for the value of air
I Iabsorption loss for A-weighted propeller aircraft spectra, this would represent a

change in level at the 10 dB down point of about 0.8 dB. While this small change in

level is not accounted for by the simple linear time-scaling model implied in

Figure 27, the resulting error in sound exposure level is estimated to be no more

than about 0.5 dB.

Retirning now to Figure 27, integrating the relative levels, according to a

simple summation applied to the smooth line, provides the basis for a duration

correction D as follows:

ALi/i

D LAX -LAMax = 10logl 0  At. 1L0 /ta ,dB

where

AL i is the level L(t) relative to LAMOX at each ith time spaced at
intervals At apart. At was taken as one-half second for this

summation, and

to the reference time of I second implicit in the definition of LAX.

A value of D = 4.4dB was obtained from Figure 27 by this process. The

duration correction D can also be expressed in the form dictated by the linear
model for the time history as
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D = lolog,0 [K,. H/V 0]= 4.4 dB

where

Ha, V are the reference values of distance and speed of 1,000 ft and

270ft/sec (160kts), respectively. On this basis, the empirical

constant K I becomes 0.74.

An independent derivation of this duration constant K, was also carried

out by a regression analysis of the experimental data relating LAX and LAMa x

assuming a linear model (i.e., energy effective duration scaling linearly with

distance/velocity). In this case, K I was 1.07. However, the value derived by

integration of the curve in Figure 27 will be used for now.

The theoretical value for this constant K ,if the source were a dipole

(oriented at 900 to the line of travel), would be Wr/2Y 3 As expected, however, the

directivity of the propeller noise field is even sharper than that of a dipole. In

fact, as shown below, the duration correction is closely approximated by the
theoretical value for the sound exposure level in one of the lobes of a moving

quadrupole oriented with one of its lobes perpendicular to the line of travel. For

this ideal case, the constant KI becomes TT/4 (g0.79), close to the value of 0.74

derived, empirically, from the data in Figure 27.

Noise Exposure from Passby of a Quadrupole Source at an Arbitrary
Orientation (Reference 53)

Vt 1 i/The distance (r) and intensity (I) for a
lateral quadrupole source passby are given by

V

0
L , r =[ [ 2 + (Vt) 2]

and I(t) = Imax (sing cos 9)2 [I + (Vt/R) 2 ]

115



where

§ c- -1 [R/I- R +(Vt) ]
If the quadrupole is turned so that one of its lobes is at 90° to the direction of

travel, then $ = 450 and the resulting time history has the shape indicated by the

following sketch.

LdB max

dB

" Time History of Level During Passby of

- +1 of a Quadrupole Source with / 45°.
Vt/1R

Integrating only over the time limits t = +R/V, the noise level of only the primary

peak in the time history, indicated by the shaded area in the sketch, is obtained and

the corresponding sound exposure level can be shown to be equal to

LAX = Lmo + 101ogl - ,dB

Retunning to the empirical basis for the duration correction, the conver-

sion between LAMax and LAX can now be expressed as

LAX: LAMox+ =LAMax + I log0 [0.74 H/V],dB

where H the slant range at test conditions, ft

V the average aircraft speed at test conditions, ft/sec.

This expression was used to convert the predicted maximum sound levels

at takeoff and 2.5km (8,200ft) from brake release for the data base aircraft,

evaluated earlier in Section 2 (see Figure 8b, page 31), to corresponding values of

sound exposure level for the predicted takeoff test conditions. The results are

shown in Figure 28.
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Figure 28. Predicted Values of Sound Exposure Level at 8200 ft (2.5 km) from Broke
Release for Takeoff Tests of Data Base Aircraft (compare to data
in Figure 8(b).
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To convert values of maximum sound level from level flyover tests,
LAMax(LFO) , to sound exposure levels under takeoff conditions, LAX(T/O), the
preceding model can be used to define the following conversion expression:

LAx(T/O) = LAMax(LFO) + 20 logl0 [F] + K IOg0 [ T(j+

+ 10 log [0.74 H 2/V] , dB

where

HI, H2  = aircraft altitudes above the measurement points for the level

flyover and takeoff tests, respectively,

K = 365 logl 0 [Propeller Diameter/Blade Width at 0.8 radius] -268

MT(l), MT(2 ) = the rotational tip Mach numbers for the level flyover and
takeoff tests, respectively,

and V = the aircraft speed for the takeoff test.

To demonstrate the application of this conversion expression, the average

values of the measured flight data, summarized earlier in Table 4(d) have been used

to compute values of LAX for takeoff, from the measured values of LAMax during

level flyover. These computed values are shown in Table 20 compared to the'

actual measured values of sound exposure level. As indicated in the lost column by
the difference, A , between the measured and predicted values of sound exposure

level, the results are very encouraging for the 402C and T2ION aircraft. The

average error is only 0.9 dB for these aircraft indicating that one should be able to

apply the above type of approximate conversion expression to relate maximum and

sound exposure levels for flyover and takeoff. Note that if the higher value (i.e.,

1.07 cited earlier) for the duration constant K,, had been used in the above scaling

equation, the predicted values of sound exposure level for the 402C and T21ON
aircraft would have been, on the average, approximately 1.1 dB higher than
measured values. This suggests that a better approximation to the duration

correction constant K I would be somewhere in between 0.74 and 1.07. However, in

the absence of a more complete analysis of available propeller aircraft flyby noise

signatures, the value of 0.74 for K I derived from Figure 27 will be considered a
good initial approximation for now. Again, the exception to this agreement is the

cruise optimized fixed-pitch propeller aircraft.
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Table 20

Illustration of the Correlation Between Predicted and
Measured Values of Sound Exposure Level in Takeoff.

Predicted Values Based on Measured Values of
Maximum Sound Level and Duration Correction Model

Level Flyover ( I)  Takeoff Parameters LAX (TI/)
(2) H1  (3) VT(2) (4) (5)'Aeos.(6) (7)

Aircraft LA Max VT() Condit. H2 V (2 ) V ( 20KKog 7- D c
_ _ dB(A) ft/sec fIt ft/sec ft/sec dB 2 dB TO) dB -- <&A)- dB

A B C D E F G H I J K L

402C 79.8 868 T/O 840 901 192 1.5 167 +2.7 +5.2 89.2 90.2 +1.0

T2ION 79.5 908 T/O 643 942 174 3.8 175 +2.8 +4.4 90.5 91.8 +1.3
S/C 1,007 942 174 .0.1 175 +2.8 .6.4 88.6 89.0 .0.4

172P 75.1 882 T/O 582 793 131 4.7 162 -7.5 +5.2 77.5 83.9 +6.4
S/C 1,038 789 131 -0.3 162 -7.8 +7.7 .74.7 79.1 4.4

(I) Average level flyover noise levels, at 2.Skm positian, corrected to 1,000 ft height) and average tip speed VT(T)

(2) Measured height, H2, tip speed, VT(2) , and airplane speed, V , during takeoff test

(3) K = 365 loglo [Propeller Diameter/Blade Width at 0.8 radius] - 268

(4) Duration Correction 10 logl 0 [0.74 H2/V ] ,dB

(5) LAX computed from Cl. A + Col. F + Col. H + Col. I

(6) LAX measured - ref erence values measured between 10 dB down points (from Table 18)

(7) A Difference between Measured and Calculated values of LAX

In summory, a reasonable method is provided for converting from

maximum sound level to sound exposure level for measurement of propeller-driven
small aircraft flyby noise signatures. The desirability of adopting the latter metric

is considered in the next section.
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4.3 Tramnitin of Noise Certification Levels for Propeller Aircraft

Propeller aircraft weighing more than 12,500 lb are considered large
transport aircraft for which noise certification requirements in Appendices A, B,

and C of FAR Part 36 apply. The latter requirements differ from those in
Appendix F for small propeller aircraft in terms of the following major factors:

o Measurement Positions

o Flight Procedures

o Correction Procedures

o Noise Metric

As a result of these differences, there is a discontinuity in the noise limits

for propeller aircraft relative to their gross weight maximum. While it is evident

that this discontinuity in ruling at the 12,500 lb gross weight value can be
circumvented by judicious selection of design parameters by the manufacturing

industry, there is clearly a case for eliminating such a discontinuity. This is

especially true in advanced commuter aircraft concepts which fall close to a
12,500 lb weight and which may have significant beneficial design and efficiency
features at risk depending on whether noise limits are to be based on Appendix F or

Appendix C.

For example, in a recent study of the applicability of advanced technology
54to general aviation aircraft, consideration was given to over 50 technologies

which could be applied to a six-passenger private/business aircraft and a 19-
passenger commuter aircraft. In the latter case, the optimum efficiency of

advanced commuter aircraft designs incurred gross weight changes from 12,500 lb

to 12,580 Ib, and from 14,000 lb to 11,660 Ib, depending on design mission specifi-

cations. Each of these changes involves a jLmp from one noise rule to the other.

Since such design optimization requires an extremely sensitive analysis of the

tradeoff between aerodynamic, structural, power system and market features,
discontinuities in noise rules at the 12,500 lb maximum gross weight limit must be

considered as incompatible with the goals of advancing aviation technology.

Consider, therefore, how this discontinuity in noise certification requirements

might be removed.

4.3.1 Differences in Measurement Positions and Flight Procedures

The primary bases for differences in measurement positions and flight

procedures between Appendix F and Appendix C have already been discussed. It is
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desirable, however, to elaborate on why approach and sideline positions required

for Appendix C are not considered necessary for propel ler-driven small aircraft.

The noise levels during approach of such aircraft are ordinarily well below

those on takeoff, with the possible exception of larger turboprop aircraft. Thus,I
with this exception, there does not appear to be sufficient need to require an

approach noise certification measurement for propel ler-driven small aircraft.

While sideline positions near general aviation airports may, indeed, receive

significant noise exposure during takeoff of propeller aircraft, there is a subst an-

tial effort by the industry to develop prediction models to estimate such levels. 5 5

Since takeoff tests are shown in this report to be applicable for most propeller-

driven aircraft, then it is not considered necessary to measure sideline levels

separately for propel ler-driven small aircraft since such levels will simply be 0

reduced reflection of the takeoff noise level. As the weight of the propeller

aircraft increases beyond the current 1 2,500 lb limit, the following rationale

appears reasonable in considering alternative measurement positions:

" For propeller aircraft above 12,500 lb, require an approach measure-

ment, as specified in Appendix C, but at a position closer to landing

threshold. A distance of I km (3,281 ft) from landing threshold

would seem reasonable, as compared with 2 km as used in

Append ix C.

" For propeller aircraft above 12,500 lb, eliminate the sideline meas-

urement, providing a takeoff noise measurement is made underneath

the flight path at a position well before any power reduction can be

employed. The 2.5 km position defined for propel ler-driven small

aircraft should satisfy this latter requirement.

4..3.2 Correction Procedures

Procedures to correct measured noise certification levels for nonstandard

flight profiles should be similar to those employed now or as proposed herein.

0 For propeller aircraft below 12,500 lb, correct for:

- changes in spreading loss due to significant deviations in
takeoff path resulting from nonstandard takeoff performance

- changes in source level due to deviations from rated

propeller rpm.
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0 For propeller aircraft above 12,500 lb, in addition to the above,

correct for

- changes in air absorption loss due to significant deviations in

the takeoff or approach flight path from reference values.

4.3.3 Noise Metrics

Perhaps the most difficult aspect of the noise certification interface
between small and large propel ler-driven aircraft is the change in the noise metric
(and corresponding limits) from maximum A-weighted noise levels in Appendix F to

effective perceived noise levels in Appendix C.

Based, in part, on the results obtained in this program, it has been
determined that just one noise metric - sound exposure level (i.e., time-integrated
A-weighted sound levels) - could be used for noise certification of all propeller
aircraft, regardless of weight. This is based on the following rationale:

" Current state-of-the-art in sound level measurements is well-
advanced and makes this measurement very straightforward and
readily accomplished without excessive instrumentation costs. Air-

frame manufacturers not presently equipped with such instruments

can rent them or hire qualified consultants without incurring instru-
ment purchase costs. Data analysis would certainly be much simpler

and less costly than with the use of the EPNL metric.

o The sound exposure level of single aircraft flyby events is a

necessary part of computing the composite noise index, day-night

average level, L dn' now widely used for defining community noise
impact. For general use in constructing curves of sound exposure

level versus distance, a different algorithm would be required to

define duration corrections at large distances where air absorption
losses will make the linear time-scaling model employed here for

noise certification measurements no longer valid. However, the
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latter would still be useful to provide baseline values for sound
exposure level which could then be extrapolated to larger distan'ces
wi th a suitable nonlinear time-scaling model (e .g.,
(x 6 log (Distan~ce)) such as currently being considered for noise vs;
slanit distance data for jet aircraft.

a The vast majority of aircraft in the propeller aircraft fleet have
gross weights below 12,5001lb and, as considered in Appendix D of
this report, are believed to generate approximately 50 percent of
the total noise impact created by all general aviation aircraft. Of
the remaining 50 percent, the vast majority of noise impact will be
generated by business jet aircraft leaving only a smnall portion
attributable to propel ler-ri ven large aircraft. Thus, any possible
lack of precision in the certification noise metric applied to large
propeller aircraft is considered an acceptable trade for measure-

ment simplicity.

" Available data, such as summanrized in Table 21, does not indicate an
overwhelming basis for rejecting sound exposure level as a reason-
able measure of human response to propeller aircraft noise. The
data in Table 21 are based on the results of Ollerhead on subjective
noise rating scales for piston and turboprop aircraft.5 6  He
examined the relative accuracy of various noise metrics for evalu-
ating human response to recorded flyby test sounds from 34 piston
aircraft and 31 turboprop aircraft. The relative accuracy is
measured by the standard deviation of the difference between the
objective (eg., sound exposure level) and subjective (judged

noisiness) measures of the test sounds. Although sound exposure
level is shown, by these results, to be the least accurate of the
metrics evaluated, the difference between the least and mast

accurate is not large.
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Table 21

Relative Accuracy of Various Noise Metrics in Judging the
Noisiness of Propeller Aircraft Sounds

Data from Ollerhead, Ref. 56)

0", Standard Deviation in Predicted Noisiness, dB

Noise Metric-> LAMax LAX PNL IPNLl PNLT EPNL

34 Piston A/C 2.3 2.7 2.0 1.8 2.6 2.1

31 Turboprop A/C 3.5 3.4 2.8 2.4 3.2 2.7
All Combined 2.9 3.0 2.4 2.1 2.9 2.4

Time-Integrated PNL

o Finally, as illustrated in Figure 29, data on estimated or measured
values of sound exposure level at 1,000ft for propeller aircraft,

plotted as a function of total shaft horsepower, suggest a continuous

and reasonably smooth transition from small to large aircraft. This
type of plot can also be considered as roughly representing the

relationship between sound exposure level and maximum gross
weight since the latter is closely correlated with engine

horsepower .6

4.3.4 Conversion of Effective Perceived Noise Level to Sound Exposure Level

As a final part of treating the transition problem between small and large

aircraft, it is desirable to consider what would be the net change in present

certification levels for large propeller aircraft upon being converted to sound
exposure level. One example of such a conversion is illustrated as follows.

According to Appendix C of FAR Part 36, for Stage III aircraft, the
minimum noise limit on takeoff is 89 EPNdB, effective at a gross weight below

44,673 lb for aircraft with more than three engines (or below 106,250 lb for

aircraft with fewer than three engines). This level is measured at a distance of

6.5 km (21,325 ft).

Assuming a typical large propeller aircraft with a maximum takeoff

weight of 45,000 Ib, a takeoff distance, DO, of 4,000 ft, and a nominal climb angle

of 6 degrees, the aircraft's height at 2.5 km and 6.5 km from brake release would
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be about 490 ft and 1,870 ft, respectively. The difference in EPNL at these two

positions would be expected to be about 7 dB so that the EPNL at 2.5 km would be

about 89 + 7 = 96 EPNdB. Correcting for the difference in reference time

(I second vs 10 seconds) between LAX and EPNL, assuming a 2 dB tone correction

in EPNL and applying a typical correction of -13 dB between A-weighted levels

and perceived noise levels, the approximate sound exposure level at 2.5 km can be

estimated as follows:

Baseline EPNL @ 6.5 km : 89 EPNdB

Correction for Difference in Height : +7

Correction for Difference in Time Ref. +10

Eliminate Tone Correction -2

Correction for Weighting Function -13

Estimated LAX @ 2.5 km : 91 dB

The data shown earlier in Figure 28 for the estimated values of sound exposure

level at 2.5 km under the takeoff puth for representative propeller-driven small

aircraft indicates that this value of 91 dB, projected downward from the EPNL for

large propeller aircraft, would be quite consistent.

Thus, as suggested by this very simplified example, it should be possible to

remove the existing discontinuity between Appendix C and Appendix F limits for

propeller aircraft by adopting a single noise metric, LAX, measured under the

takeoff flight path at 2.5 km without changing the effective constraint placed on

the allowable source noise levels by either of the current regulations.

Airplane manufacturers would, of course, be able to make reasonable

estimates of their anticipated compliance with any such new regulation by

employing the type of analysis outlined above but using the much greater precision

possible with their own more detailed data bases.

This section should not be ended without acknowledging the many other

studies on revising current propeller aircraft noise certification procedures.4 These

include considerations of takeoff tests, such as discussed here, use of sound

exposure level, use of level flyover and takeoff tests (with allowed trades), and

more complex schemes for defining weight and aircraft type categories for noise

certification.
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4. Chanes in Noise Level Limits

The preceding analyses have considered the use of a takeoff test

procedure for propel ler-dri ven small aircraft (except cruise-optimized fixed-pitch

propeller aircraft) and the measurement of the sound exposure level at a position

2.5 km from brake release using the 1.2 m microphone height.

4.4.1 Noise Limits Excluding Cruise-Optimized Fixed-Pitch Aircraft

Based on the predicted values for this noise level shown earlier in

Figure 28, and the discussion on the potential for noise reduction through applica-

tion of future technology, the following rationale was used to select possible noise

certification levels based on these concepts. These levels, illustrated in Figure 30,

are intended to be applicable only to other than cruise-optimized fixed-pitch

propeller aircraft.

1. Stage 0 certification levels allowing all current aircraft to pass,

under this new procedure, would consist, as shown, of an upper

bound to the data in Figure 30.

2. Stage I certification levels, corresponding to noise levels attainable

with currently available technology without the use of the MNOP

power reduction approach, would consist of an upper bound for the

latter type of aircraft. As indicated in Figure 30, this corresponds

to a line about 4 dB below the Stage 0 levels.

3. Stage 2 certification levels would represent an anticipated further

reduction of 6 dB in Stage I levels - attainable now by a very few

models but expected to be achievable by all new models of the

propel ler-dr iven small aircraft fleet upon application of the future

technology outlined in Section 3. Timing for the imposition of such

levels would necessarily have to reflect the need for the further

research and development called for.

4.4.2 Noise Limits for Cruise-Optimized Fixed-Pitch Aircraft

For cruise-optimized fixed-pitch propeller aircraft, the takeoff test is not

necessary. The current level flyover test appears to be the only practical test
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DISTANCE FROM BRAKE RELEASE a8200 FEET
M FIXED PITCH PROPELLER

& TESTED AT HNOP

+ TESTED AT HCF SINGLE ENGINE

(D~ TESTED AT HCF TWIN ENGINE

-- - - o Stage 11 83 dB(A) ----

&--0-41+

CC w t

LAX. LA + 10 log [0.74 H (ft)/V (ft/sec)]

'10.00 30b0 5-0 70-00 90.00 110.00 130.0c
MAXIMUM TAKE-OFF WEIGHT .LBS- "10'

Figure 30. Possible Values of Sound Exposure Level at 8200 ft (2.5 kin) from Broke
Release For Noise Certification Takeoff Tests of Propeller-Driven
Small Aircraft Except Cru ise- Optimized Fixed Pitch Propeller
Aircraft.
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procedure suitable for such aircraft. However, sound exposure level could be

adopted in the future as the preferred, but possibly optional, noise measurement

metric to provide consistency throughout the propeller aircraft fleet. Thus,
reasonable Stage I noise certification levels for such aircraft, in terms of sound

exposure level, could be defined by simply applying the type of duiration correction
outlined earlier to existing noise certification measurements specified in terms of

maximum noise level.

For example, based on this program, the Cessna 1 72P aircraft has a
maximum grass weight of 2,400 lbs and a corresponding noise certification limit for

the maximum noise level at 1,000 ft of 68 + (2400-1320)/168 =74.4 dB(A). I Based

on the flight performance observed for this aircraft in level flyover at 1,000 ft

(i.e., average flight speed of about 200 ft/sec), the corresponding sound exposure

level limit would be about

L AX(limit) 74.4 + 10 log10 [0.74 -1000/200]

80. 1 dB(A)

or roughly 6 dB above the present noise certification limit expressed in terms of

maximum sound level. A Stage 2 noise limit could follow the same logic as for

var~able pitch propeller aircraft - namely, a 6 dB reduction below Stage I limits.

4.4.3 Summary

The net effect of such an evolution in noise certification limits would

tend to reduce takeoff levels of the noisiest aircraft currently in the fleet by 10 dB

and reduce by about 6 dB the maximum levels generated by the quieter aircraft in

the fleet which now do not require any use of power limitations to pass current

noise certification rules. The net change on the noise impact around general

aviation airports dominated by propeller aircraft would be very substantial. The

total area enclosed by the noise contours around such airports would be expected to

reduce by 5 to 7 times.
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5.0 CONCLUS IONS AND SUMMARY

An analysis of noise reduction technology that can be applied to propeller-

driven small aircraft has indicated the following:

" The existing FAR Part 36 Appendix F regulation has been effective in

ensuring that available noise control technology has been applied to the

noise-certificated portion of the current fleet of propel ler-driven small

airplanes.

" The level flight flyover test procedure, as required by the existing

regulation, has been adopted by the industry as the sole means of

optimizing design parameters to meet noise reduction requirements.

The concept of MNOP (Maximum Normal Operating Power) has evolved

as a means of meeting noise limits in cases where available noise

reduction technology is otherwise inadequate for the level flIyover tests.

o Assessment of current technology indicates that while further noise

reductions may be achievable for some aircraft models, it is not

sufficiently versatile to accommodate a change in noise limits (for all

new aircraft) at this time.

o Propeller design technology has received significant research effort

during the past 5 years. This research indicates that a change from the

current designs to advanced airfoil and optimized planform propeller

blades will lead to improved aerodynamic performance, reduced fuel

consumption, and reduced retail costs of propel ler-driven aircraft. The

potential for noise reduction of future aircraft can be achieved by
utilizing this improved aerodynamic performance in an optimization

process which includes noise limitation as a primary constraint. A 5 dBI
reduction in current noise limits has been projected to be a practical

future objective, based on current flyover test procedures.

Flight tests were conducted to evaluate new possible noise certification test

procedures. The following summarizes the results of this evaluation:

o Propeller aircraft not equipped with cruise-optimized fixed-pitch

propellers tend to generate higher noise levels during takeoff than

during level flyover at power settings currently specified for noise
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certification. (Results from the unique series of tests indicate that this

difference is predictably related to changes in the rotational, and not

helical, tip speed of the propeller.) Therefore, takeoff noise tests may

provide a more stringent measure of aircraft noise.

" The models reported herein to account for source level changes due to

rotational tip speed of the propeller, and to predict duration corrections

at distances typical of certification measurements, provide the foun-

dation for allowing measured sound levels on takeoff or level flyover to

be correlated and converted from maximum sound level to sound

exposure level or vice versa.

o The use of the time-integrated A-weighted noise level (ie., sound

exposure level) is applicable as a universal metric for noise certifi-

cation of all propeller aircraft, regardless of gross weight. This change

would provide the principal basis for eliminating the current cumber-

some discontinuity in noise certification requirements at the 12,500 lb

gross weight limit between small and large propeller aircraft.

o Practical takeoff noise limits for future technology propellIer-dr iven

small aircraft can be set at least 6 dB below current state-of-the-art

noise limits and 10 dB below levels generated by the noisiest small

propeller aircraft in the fleet today.

Consideration of the sound exposure level metric should be based on its ease

of measurement with existing instrumentation, its consistency with the currently

applied composite noise metric, day-night average noise level, L dn' and i ts

suitability as a reasonable predictor of human response to noise, not unlike the

EPNL noise metric currently used for all large jet and propeller aircraft.

Further effort would be required in order to refine the concepts outlined

herein before they can be incorporated into noise regulations. However, the

overall impact of their application should simplify noise certification procedures

and assist in motivating the development of economically reasonable and tech-

nically feasible advances in further noise reduction of propellIer-dr iven small

aircraft. Adoption of a single noise metric for all propeller aircraft, such as

discussed herein, can also be expected to provide a positive influence for

stimulating environmentally-compatible growth in that part of the aviation market

near the current interface of 12,500 lb gross weight between small and large

propeller aircraft.
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APPENDIX A

Federal Aviation Regulations, Volume II1, Part 36
(Noise Standards: Aircraft Type and Airworthiness Certification)

"Noise Requirements for Propeller-Driven Small Airplanes"

The following copy of FAR Part 36 Appendix F is presented for reference

purposes in relation to the contents of this report. This copy should not be used for

any other purposes nor should it be considered to contain all relevant amendments.
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Appendix F

Noise Requirements for Propeller-Driven-Small Airplanes

PART A-GENERAL is within 1 n.m. of an airport anemmieter.

the airport reported wind may 1e used.I F36.1 Scope. This al)endlix prescribes

limiting noise levels, and lprocedures for nieas- (5) There may be no ternloerature insei*

tiring noise and correcting noise data, for the sion or anomalous wind condition that woulpl- rasignificantly alter the noise level of the air-propeler drien sall a irhanes, speciied in plalne when the noise is recorded it the re-
quired measuring point.

PART B-NOISE MEASUREMENT (6) The flighl test pI'o(edires. mea1;rhll
equipineit . and noise ineaslerentli Iil),,

I F36.101 General test conditions. dures niuist Lie al)proved by the FAA.

(a) The test area muist be relativel v flat (7) Sound lressure level data for nwl-e
terrain having no excessive sound absorlption evaluation liurposes must be obtained wit),
characteristics such as those caused i thick, acoustical equipment that complie, will,
matted. or tall grass, by shruibs, or by wooded §F36.103 of this appendix.
areas. No obstructions which significantly in-
fluence the sound field from the airllane nay I F36.103 Acoustical measurement system.
exist within a conical space above the measure- The acoustical measurement svtem must cotii
ment position, the cone beinlg defined by- an sist of aplroved equipient equivalent to the
axis normal to the ground and l i a half- following:
angle 75 degrees from this axis. fo)lowingh

(b) The tests must be carried out under the A eocrophone site mvasureen.-o
following conditionsco atile with nesuenen andanalysis system accuracy as prese-ilwd in

(1) There may e no precipitation. F36.105 of this apendix.

(2) Relative humidity may not he higher
than 90 percent or lower thai 31) percent. h) Trilods or sinilar licroidome nt

(3) Ambient temperature may nt be ins that ntinimiize interference with the souid

above 86 degrees F. or below 41 degrees F. being measured.
at 33' above ground. If the neasiurement (c) Recording and reproducing equ illenenr
site is within I n.m. of an airport thermom- characteristics, frequienc. resl,onse. and dv-
eter the airlmrt reported temlerature maY namic range compatible with the response and
be used. accuracy requirements of § F30.1li5 of this al-

(4) Reported wind may not lie above 10 pendix.
knots at 33' above g,round. If wind velnc- (d) Acoustic calibrators using sine wave or
ities of more than 4 knots are reported. the broadband noise of known sound pressuire
flight direction must be :Oigned to within level. If broadband noise is usced, the silnal
:±15 degrees of wind direction and fiflights fliist lie de -ribed in terms of its aerage ila
with tail wind and) heid wind mist be made ia xinnim root-mean-sqiiar- iu) valie foir
in equal numbers. If the mieisurement site ooverload signal level.

PART W 43
ah. 0
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44 X41i1i*: STIANI .hi'sAM- 'n. r 'I .%M I' U i lit NElINES ITiCIiFI' ATI N i'Awr :io:

I P36.105 Sensing, recording, and reproduc- I F36.107 Noise measurement procedures.
ing equipment. (a) 'Ulie miicrooj'l iiuli lie Orieiitetl in ,

(a) T]'ie noise priultived It. the airlpliae ki' ii ( diretion Di o thiat te Ii iii~iililo i s'liii

inust be recorded. A ine(t it, ti le recordeir recelied arri e ;w. nearlh a, pio.-ille iii the
is acceptaLile. irecPtionl for v.Iuli fll.i ii'jliiohle are (-:1ll

eiiid~x \Ailik tile recoiutieidiil 'lit Iittu- iiitleall)\iii-\Iii

naitinal l.etiotechiijcal ( 011 ii -ill ( IE ) (1) liuniedi.ntelv pr~ior to mid~ a frel ewi'l
Pilliciat ion \o. 179). entitled 11i-i-ion Souind. test. ai recorded acoiii'i in il Irit iol (if tlie s~

Level Meter--~ a- ixillco iioated b l\ ri4f(ictue Hi lnt Iliust lie 1ii:ide ill the lield %l a n iii ioui "

Pari 36 un'ler U.;. of this Part-] ca11librator. for the Two pu.o'.;es uif cih~ii

(0 The responlse of lt(- coiiiplelt. -v-tvito v;em eni fit \ it , N i i'hl j t-idlill'! :I), nioll-t"

asenlsibly ale ploreie sillodlw~ reference level for tile :ii1ilsi l t.e Sound

of 'Oi-lalit atiijiitilie iii1i'i lie wvir bin tilt evl' ~ a
illlne lill1it:4 11jecilied ill II"(' Pl)]iuWal ioul (c)lTe attihujeit iuui..e. ilhditig bothi woul-

.No. 17PI. dated 1973. over lte frequeiu iang ti,-il l.:ick-gi'iuiuu anid va]~ ji-l uik of tilt-
4V. to 11.2i'ii 11z. 1111oeneI-. t1o. i-t lie revoded uill

(d) If liniitaiijoins of the uviintu 11-1t,~ (if dleterinedit ill th e te-i ar~ea with tilt S ,ASteluu

flie equlipmuent imake it hiece -il . hi1 fre. i e tle i -l ~ -~ i it~f
q~~Y pre-m~iia~kIiii~l ie Ide to he tise iul('eieelit- If iru'ma ft sound pr-
(IlellA'preellpbsisJout le 1, de-eTo ih -ni.Ii'ls (1o not exeeel the bl,iindti woind

recording elianiel A~itli the vowiei~e de-eiii eveih at iea' t lu (1B A :1 a pOi-xei

pliasi- Oil pla ,I ack. The lire-eulul Ii1:1si,' t1111i *uiiectioin- for tile coltriltiji ,m (if 1)uackgrouiuld
Il applied slih that the iti~~llt:iue in- re, orded olliid l~e~zsllle level to tilt. oh-en \ed qoulidi

somid' ju'e-sure level of tlite lit' -igii;il l'etmee prii le-ulrte level mnust lie a lii d.
s'iU and( 11.2011lz dioes not \;ir- % ore thanu
20t (Ill bet 'vel the mii\iiiiiioitil tnd iioiul I F36.109 Data recording, reporting, and

onie-thlird iicta e banlds, approval.

(e) If reqliestedl by tile .\diiiiiist ator. the (ai) 1)ata i'epre-ent ing pIvY'ii I me iiref
inients or correct i ns to ineai'tued (1:lt1111iusi Ile

recorded noise signal muist IR' reid thi , ili eodd"liii'i'i f'tull aielidt
anl "A" filter xvitli dvnimmi chatuteri4t i's de-.- thI eodecp htcrrc OWt utaut

vlatedl~luw as (lelinedil ii I E( luilicatioti
I - ~nuents for tuotimtl eiliiieiit response~~ le\ ilu-

N\o. 1711. dated 19)73. The onttiml signall froni t ions need not Ile repoorted. All oilier oirc
the filter tn11114 le fed to a reelhiiL'v eircilit tiotis Must lic ah1.rov-ed. E-t iinate - tinit hie
with stillirte Ia1% ret i fieat ioll. tite--i-ied withl made of thle indi\ idual errors~ inlieretut ill ean'

littie cuonstanits for charge ;11i1id dkluarge of of tile Oluerat ionl ellilthi~eii ill obta iiiu i te
about I seconld or lo 111illi-,'collo'. hnl aa

f) Tile eqainient munst lIe avoiivaill eacii- (to) Measured andt( eorrevici oidh presslire
brated iising, facilitieq fill acowl i free-lield levels ohitA ined wAithl e(iliuuIit cIoI ill-,,ii to
calibrilt on and if annlysis of tine taple record- the sIpecifivation, desiileh lin t;. of tilit-

ing is; reqiiesltdli by th A dmiin istra-~tor. thle apietndi x be rilepor'i'lted.

-inalysit; et 1 ii pment sh all lie t'lectiiian i ya lv cI Ii- ( c) Tbe tve ie f etpiiipatient tisvl forl nica-
briited lit a methodl app~roved liv tile FAA. itrettient anld ainilvsis of :ii aoutstical. airi'laiie

(g) A wivi dsereen 11111st lie emito I iloed with iei*fornito ec * andl meteoroilc ogical 1 dti a ilst IN,

the microphone dliring ail mieastarinents of rep orted.

airra ft noise when the wind spleedl is ili excess (d) ']hle fol liin. j atinlibIeric da:i i. int'l

of 0 knots. tired iniaiediatel.\ lefote. a ftel . or- during1P. eachl

Ch. 0 tAmdt 36-9. 10i 4/3/7111
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PART 3; APPENDIX F 4.,

test at the obseriation points prescribed in t2) At .tal iliz+d -Ilk'., wi:l, L irl l.i-

F36.101 of thi'u apilendix must Ie reported: * v))h1z1 d ald %it I tIt. all pla li1 - 11-4-

(1) Air temlerature and relative hu . <'o1fil-itat ,i,. c(.\-l t t if Htc p-'1' I al
m i d i t y , l t e p l -v .r -e i l l " ~ ' , l l , , h I - A : r : l +

(2) M axim um . m ininim n. and a\eraige grlph i 't+ll ex,'iI tay lila ,'li -w,' 11t
wind %ekloctie. ailt 11rix,d Ill h.%<ct) . .:,,,hr+I.J::-,

i, a'ccelpt ahle.
(e) ('omilients on local to101ogra .ly, grodl

cover. and events that miglit interfere wit PC
sound recordings niust be reported. PART C-DATA CORRECTION

(f) The following airplane information I F36.201 Correction of data.
imust i]e reported :

(a I Nh-u d ;itI 11:i': 1 1 lh I .' -, ill -
j1) TYpe,. odel and serial ,miniters l ntre iti otside Hig (d 6, ,, V.

ny) of airplan e.. en-iles. and propeller'. degiree: F.. 1' tilt, ' *l;'7\v lo;l, d1% \ - iw!"l\\

(2 A . iodieiCltjOnb or iionst:11l(at'd 4t perc'ent. i e '-I it .1  
, -hI".

eqtuipmI))ent likelh\ to alffect the niii!-e chir anti 7i0 lpercelt ' ie l jt ii<, ..k a I e a t
alteristics of tile airplane. applihll, IN. tfli FAA.

3 ) 'M:xitnin certificated takeoff weig,_hl. tIl ']l p flub)ti ., .. , I- ,

4l kirspeed in kniits for each omerfli-l i n l aiagrljh i tt tfill- -,t.. ,:. -c .

of the mea-,uri i loint. It mnllt 1e del-rlh inedt \ I l ti. iti,.d do,

(5) Engine performance in te'nIs, of m'V- slrihed in llt i- apl,-i, ld \,. lllt !1111-: Iw :l,1,,,:

odlttions per ininute and other relet;lit alh'vlhri,':1l. to) t llt-it l \:i e. It -

IilaamIeters for eavi overflight,. limited t,, (1B1 A
(6) Aircraft hei,.lt in feet deterninttd (c) Tbe jeifi: c Wle it -,

1)\ a calibrated altimeier in thlt aircraft. :l- dw ' m
proved photograplhic techniques. or approved

tracking facilities. 11 - 1.40t -I) , ('-

g) Aircraft speed and position and engine
)erformance piram~ieters must he recorded at Where

ail approed sanliling rate sufficient to ensuire
conlhianice 'Vith the test li(wedures and con- 1)-. l;Ikeil il-t .. ,, ft., it l1l:itilith1

ditions of thi, aplpendix. ,it ji,;ite, t , t\,,,lht.

I F36.1 11 Flight procedures. V, =.S eetl for lie-t i , if ,.liii), iti tile s:ut,.

(a) Tests to demonstrate comliance with ilnits a- rate ,, ,.iil,.
the noise leiel requirenient,, of this alppendix
mnn-t inclde at least six level fliglits over the (d) When taketl li..t, o :,, I, ' - ai
mealstring statiot at a height of 1.00) ±:,) listed :I, applj,,ed iit:iin'. ittf, n.
and _1(t degrees from the zenith when paIsin. tie tigurc, of .21)104b" *l',, u-i',.rilil-

overhead. plane, and 2700' fo,' .uti-eirh a ijilati-

(b) Each test over flight mw-t he con- must be used.

ducted- 3 F36.203 Validity of results.
(1) At not le's than the highest pover (n) The tet rt-tit- thu-I I p utiie ali avet

in the normal operating range provided inT
an Airplane Flight Manual. or in any com- age dBl .\ ) a tiit, 110 IvQ.ent ,., lti, liii it

hiiintion of apllroved manual material. ap- the noist, level li,'iut, tilie aritlin ei i er;!'.-e

Ir(oved Ipltcard, or applroed instriumeint of the torre'ted ; oa.ti;ll fitt,-lttl lli

narking.: anti all valid test runs over tile po;al'tr int.

Cht. I
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46 NOIS0E 'I'ANDARIJS: AIR'RAFT TYPF AND AIRWORTHINESS CERTIFICATION PART 36

(b) The sanples must be large enough to 12.500 pounds. However. airplanes produced
establish statistc a 0 percent confidence under type certifivates covered by this pars-

limit not to exceed . dB(A). No test re- graph must also meet paragraplh (d) of this

suit may be omitted from the averaging section for tie origi'al issuance of standard
process. unless omission is approved by the airworthiness certificates or restricted category

FAA. airworthiness certificate- if those airplaneS
have not had flight time before the date speei,

PART D-NOISE LIMITS fled in that laragraph.

I F36.301 Aircraft noise limits. (c) For airplanes for which application for

(a) Compliance with this section must be a type certificate is made on or after January

shown with noise data measured and corrected 1, 1975, the noise levels may not exceed the

as prescribed in Parts B and C of this ap- noise limit curve lrescribed in paragralh (b)

pendix. of this section. except that 80 dB(A) may not

(b) For airplane- for which application for be exceeded at weights from and including

a type certificate is made on or after October 3,300 pounds to and including 12.'7.4k pounds.

10. 1973. the noise level must not exceed 6S (d) For airplanes for which application i
d]l(A) up to and including aircraft weights made for a standard airworthiness certificate
of 1.324) pounds (60) kg.). For weights or for a restricted category airworthiness cer-
greater than 1.32o pomd, up to and including tificate. and that have not had any flight time
3.630 pounds (I.C.5i' kg.) the limit increases before .Januarv 1, 19"'). the requirements of
at the rate of I dB 165 pounds (0 dB 75 kg.) paragraph (c) of this section apl,ly. regard
to 82 dB A) at 3.t630, pounds. after which it less of date of application. to tine original is ,
is constant at s2 d(IHA) up to and including ance of the certificate for that airplane.

Cha
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APPEDIIX B

Description of Procedures and Results of

A Demonstration Flight Test Program Performed to

Evaluate Noise Level Measurement Methods

B. I Introduction

A demonstration flight test program was performed by Cessna Aircraft
Company and Wyle Laboratories on September 14, 1981, at Sunflower Airfield,
Hutchirson, Wichita, Kansas. This program was designed to investigate the
viability of a takeoff test method for noise certification of propeller-driven small

airplanes and to evaluate methods of measuring noise levels in terms of various
noise metrics.

Three aircraft were utilized in the test program. These aircraft were

s,ipplied and operated by Cessna Aircraft Company and comprised:

o A Cessna Model 402C, twin reciprocating-engined aircraft.

o A Cessna Model T210N, single turbocharged reciprocating-engined

aircraft.

o A Cessna Model 172P, single reciprocating-engined aircraft.

Design and performance information for these aircraft is contained in Table B- I of

this appendix.

The tests were performed as closely as possible in accordance with the test

plan described in Section B.2 of this appendix. Variations from the test plan were
caused by delays in commencing the I-day program due to heavy ground fog at the
airfield, intermittent failure of radio transceivers at the test site, and failure of

one microphone preamplifier (which could not be replaced without further delay of
the compressed flight schedule).

A total of 35 flight tests were performed during the program. Sixteen of
these flights were level flyover tests at conditions which simulated the current
FAR Part 36 Appendix F test requirements, 14 flight tests were takeoff operations

from a brake release marker on the main runway, and five tests were simulated Vy

(best rate of climb) climbout operations with an objective of attaining a height of

1,000 ft above a primary noise measurement station.

B- I
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As described in the test plan, flyover noise data were recorded on a

two-channel Nagra IV SJ at each of two primary noise measurement stations,

located at 2km (6,560ft) and 2.5km (8,200ft), respectively, from the brake

release marker and on the extended centerline of the runway. These recordings

were of noise histories measured at two microphone heights (.2 m and 10m) at

each primary station. In addition, direct-read instrumentation was used to obtain

field measurements of LAMax, LAX, Leq , and Integration Time from the 10 m
height microphone data at each noise measurement station (corresponding to

channel I records on each recorder, as identified in the Data Logs shown in

Section B.2 of this appendix).

Subsequent laboratory analysis of the records obtained from the 1.2 m

height microphone was performed using the same evaluation method (that is, by

means of direct-read instrumentation) but with the added benefit of having time

history traces of each record prior to the evaluation. All data acquired during the

field test and subsequent analysis programs are shown in Section B.2 of this

appendix.

A review and discussion of the procedures and results of the flight test

program is presented in Section 4.2.1 of this report.

B.2 Test Plan

Pages B-4 through B-13 contain the Test Plan developed specifically for

the flight test demonstration and noise measurement program. The contents of the

test plan are as follows:

Page

1.0 PURPOSE B-4

2.0 GENERAL DESCRIPTION B-4

3.0 FIELD TEST REQUIREMENTS B-4

4.0 ACOUSTIC MEASUREMENT EQUIPMENT B-6

5.0 FLIGHT PROCEDURES B-7

6.0 TEST PROCEDURES B-8

7.0 DOCUMENTATION B- 10

8.0 MEASUREMENT EQUIPMENT AND STAFF ALLOCATIONS B-II

B-3
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-a noi se dat a recordig engi neer

Equipment at this site will comprise:

- One B&K 2203 Sound Level Meter

- One B&K 4134 (l/2-inch) Miophbone and Adaptor

- One Nogra IV SJ Tape Recorder
- One 1.2 m microphone su~pport Stand

- One micropone windscreen

- One B&K 4230 Calibrator
- Batteries and Magnetic Tape
- Data and Record Log Sheets
- Cable connection f rom B&K 2203 output to Nagra IV SJ input

8.1.3 Meteorological Data Station

This site will be located near the airfield runiway.

Equipm~ent will =orrise.

-One sitable l0im height meteorologcal station capable of providng

data in ccordance with Sections 3.3 and 6.3(d) of the test plan

Ou DaLog Sheets

B- 12



B.3 Test Data

The following test data were obtained during the flight test demonstration

program:

Table B-2 summarizes the meteorological data measured at Sunflower
Airfield during the flight test program.

Table B-3 (4 sheets) comprises facsimile copies of Aircraft Data Sheets as

used by the flight crew of each aircraft during the tests.

Table B-4 (10 sheets) comprises the Test Data Logs used at each primary
noise measuring station. That is:

Sheets 1-4: Data obtained at Measurement Station ("Alpha") at 2.0 km
from the runway brake release marker.

Sheets 5-10: Data obtained at Measurement Station Ceaker') at
2.5 km from the runway brake release marker.

Each of these Test Data Log Sheets shows the time of day, run number,

aircraft type, and flight profile for each flyover test. Photographic records are
identified in the Test Log by the flight number and the estimated aircraft height

over the measurement station, as scoled from each Polaroid photograph.

Recording data, shown in the test logs, refers to Nagra IV SJ Attenuator Settings
as described in the footnotes to each log sheet. A column in each log sheet shows

the input calibration sound pressure level (where appropriate) and/or the type of
Integrating Sound Level Meter used to obtain the direct-read noise data from

Channel I (10m height microphone). One B&K 2218 sound level meter was used at
the 2.0 km (Alpha) station, whereas at the 2.5 km (Baker) station, B&K 2218 and
GR 1988 sound level meters were connected in parallel to provide separate noise

level readings from the 10 m height microphone input to Channel I of the Nagra.

The noise data shown in each of these Test Log sheets represent the levels

read directly in the field from the sound level meters after accounting for system
attenuator settings. These direct read values are subsequently verified by
laboratory analysis of the data simultaneously recorded in the field through the

same microphone. A Bruel & Kjaer 2218 Integrating Sound Level Meter was used
for this laboratory analysis. These data were measured in accordance with the

procedures specified in Section 6.2 of the Test Plan (Section B.2 of this appendix).

B-13



Table B-5 (10 sheets) comprises the same Test Data Log format as was

used in the field measurement program. However, the data shown in Table B-5 was

obtained by subsequent laboratory analysis of the tape-recorded Channel I (1.2 m

height microphone) time histories. A Bruel & Kjaer 2218 Integrating Sound Level

Meter was used for data evaluations in all of these cases.

Sheets 1-4 of Table B-5 apply to recordings obtained at 2 km from the

brake release marker ("Alphd), and

Sheets 5- 10 apply to recordings obtained at the 2.5 km station ("Baker").

B- 14



Table B-2

Meteorological Data

Date: 9/14/81 Test Site: Sunflower Airfield

Station Barometric Pressure: 28.30 in. Hg Station Hp: 1500 ft

Wind @ 30 ft Wind @ 1.2 m Temp. (OF)

Rel.Flight Vel. Dir. Vel. Dir. Hum.
No. Time (mph) (deg) (mph) (deg) 30 ft 1.2 m (%)

1 1126 7 030 5 030 71 77 64
2 1135 8 030 7 030 73 78 61

3 1140 9 030 5 030 74 79.5 59

4 1145 6 030 6 030 74 80 58
5 1148 6 030 6 030 73 80 58

6 1152 5 030 6 030 75 81.5 55

7 1156 II 030 8 030 74 81 56
8 1159 6 030 6 030 76 81 56

9 1203 8 030 8 030 74 81 56

10 1401 II 030 7 030 77 81 56

II 1408 7 030 2 030 76 83 48

12 1415 6 030 6 030 77 83 48

13 1421 4 000 0 000 77 84 48

14 1428 2 000 0 000 79 84 48

15 1434 8 000 4 000 79 85 48

16

17 1525 5 045 5 045 79 84 48

18 1532 6 045 3 045 79 84 48

19 1538 5 045 7 045 79 83 48
20 1613 II 030 9 030 78 83 44

21 1616 II 045 9 045 78 83 44

22 1619 6 045 6 045 78 83 44

23 1628 II 045 9 045 78 83 44
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Table B-2 (Continued)

Wind @30 ft Wind @ 1.2 m Temp. (OF)

Rel.Flight Vel. Dir. Vel. Dir. Hum.
No. Time (mph) (deg) (mph) (deg) 30 ft 1.2 m (%)

24 1637 II 030 9 030 78 83 44
25 1641 9 045 6 045 79 83 44
26 1711 8 030 8 030 79 83 44
27 1716 10 045 10 045 79 83 41

28 1721 9 045 6 045 79 83 41
29 1725 8 045 6 045 79 83 41

30 1739 II 045 10 045 79 83 41

31 1743 II 045 7 045 79 83 43
32 1745 II 045 6 045 79 83 43

33 1749 15 045 10 045 79 83 43
34 1801 7 030 5 030 79 83 42
35 1807 10 045 8 045 79 83 42

B
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Table B-3PAE 
Io4

PEAE - DAIE ...... na. REP~ORT NO.______

cbIccK9CO DAT RIEVISgON bgXCC.L _ _____

CESSNA* AINCRO - T CO. PAWN4L tir Vlsm WICMITA. KAN4SAS

MODEL -A2 rLI.OVER NOISE TEST- AIRCRkAFT IDATA SHEET

DATE 14"--fI RXEGSrtRA'rlON HMhUER 402 C-V _-M HO. 0.

GROS WEIGHT; BEFORF _100 1k-a c

N41UFACrTURER TYPE __________

ENCIhIE At)L Num.'BER MOR%& NUtABEE

,kA.%ItAAW" COW.fIbNuOUS POwftk: RPM _____1p_____

VAUFFLER [mA*NlJ~kCTU,rR PA" NUtASB.

OVERFLGMT INSFORAXTIIOIP. T. ?"~ --xa
Lj("T 'iL)' Tim. m~. Mp ALT %-iurA XNS OATr~' 71A Z~A\

* A' 'I boD _5 , a__ ________vel -6

Is Al =6%40 . '4-i "07' /99 679

4~_ 0 _ 0 34/467 7 630

Z. 5 75 __ /9'6 70

* /1 )Za7? rU~ Af 1-5 7_0____

- -. --- . 8-B17.-



"'TI Table B-3 (Continued) PACE 2of 4

ST9PRC B_ DAE_ G0a.h OkCKOT #40.

CECKEOVIT DATK......... REV.s.O OCL _______

C9&SNAt AWCRA. T CO. Wvg.r'.v.SON WICHITA. KANSAS

MODEL. 40.ZLFLIOVER NJOISE~ TEST- AJRCIZATF DATA SHEET

DAr 4:u REGISTRATION W4$.SER IITNO,

GROS WEIGHT; BEFORE Qu O/ff /400 On1 14 '-r

NAUFACTURER.

ENGI-4 OQCEL NUIPAER M&Rkh&MUBE

IIAJACOs.XTINuOUS OWEat RPM. "____

rMAW'JFACTURER rRLNME
PRPLLERI

uLB ?4uMSER, ______e&INM

MUFFLER~ [MNW;ACTURER PA~kT NUYAEER.

OVERFLG"T IWFORIAAT1O ___ ______

FLIG AT "L,.? T M. ~W A mP ALT"U i- tE OA-Ir TVAF CEARKS
MT~. 4G FT KIS or sTo;-

X/0 Ad 70i; ?._ G7 , e

SAl 4, 70a 70~

1/4 Alt4? 1~ 7C~Z 79 7__ -k7
/5Al 14-3 - 7~ er a__ 7 72 ___
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Table B-3 (Continued)

TITLE PAGE______3__of____4

VINICPARI. DT _k& MgOOo. --- ,_____
CHECKED *r____ DATE_.......... EmvIIoN 99OEL_____
CES9f4A AMCtAll" CO. PAWNEE DVSION INITA. 'RAOISAS

MODEL- L PIDbII FLNfOVERM NOISPTEST - MSF RVP_; )A-rA. %AET

GROSS V~rmIG4T I BErORE( IFTf()

lW4MCG RPkA M. P MA% OA-r jA4TFTUOE REMARKS

17 A/ 760 &00

-'i &Ad AOO I__. 4q) /~J,'I~/4s

6' -:r VAV IF
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Table B-3 (Continued) -

TITLE I____________ PAG 4 of 4

"CAE yDATE____ cae No.____

C"ECKED BY -_____ 0ATE......... REVISION AMEL _______

CESSNA AmUCRAU7 CO. PAWNEE DaVISON- WICNITA. KANSAS

M4 ODEL 11100 F~fCOVER NOISE~ T-ST - 0OBSLRVE.R DXA 1,E
*&/r/~ IFLCra

DAS- 4 7,t-L
Pft tL(r. OBERW~V.R'5 / t

OVSRFLIGH-T 104FOkhAACTIOM4 ____

HGRPM NA. P ZXA OA ALTrrUDS RtEMAX-MS

_~-19 pwc --43 .--~~.-C
2 , / '>4 0 x7 -!r 7- -7-19_ _ _ _ _

0o ^1 ;k7/9 ;).7 /2.'v -74, &.2-

3Z.S 0& S

S - . _r_ pb GS

-71V -r-0. I &z
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Table 8-4

Flight Tat PMor at Sunflower Airfidd.Kaum

Data Analsis Log (doto recordd from 10 m h! microphones) Shet I of 10

Dole: 9/14MI
Measurement Stati AIpha @2.0km Ts No.: A-I SM Tme: *&IK 218

Mic. Te : (I0 4136 (48130

Tat Description Photographic Recording Col. Direct-ReodData (Chael I)

Fhi~t Photo Eit. Attenuotor Tope Lmm Lax Leq Wag.
Run Aircraft Profile .0. hi. Setting L d A) dEA) d(A) Time

Time No. Type TA.1S No. (ft) G M V dAM h hos

1012 Cal. - 60 30 0 dB (104) SiK 2218

1126 I 402C Lo. I 936 60 20 0 , K - .010h

113S 2 402C LISo. 2 933 60 20 0 2218 78.0 83.8 68.7 .008h

110 3 402C LONo. 3 1068 60 20 0 2218 77.0 83.7 66.1 .0l1h

1115 4 402 C LlSo. 8 seB 60 20 0 2218 78.0 83.4 67.1 .007 h

1148 5 402C LINo. S 1024 60 20 0 2218 78.5 84.2 67.0 .011 h

1152 6 402C L/So. 6 1008 60 20 0 2218 77.5 83.6 67.0 .012 h

1156 7 402 C LNo. 7 996 60 20 0 2218 79.0 88.0 66.7 .015 h

1159 8 402C L/So. 8 1012 60 20 0 2218 78.0 83.3 68.3 .(081h

1203 9 402C LINo. 9 1041 60 20 0 2218 77.0 83.6 64.8 .013 h

1801 10 402 C TINo. 10 - 60 20 0 2218 85.0 90.8 71.7 .020 h

1408 11 402C T No. II 619 60 20 0 2218 88.0 90.5 71.8 .021 h

Note: F l.qtt Profiles: T - Takeoff, L - Levl Flight, S - Simulated Climtout/Directier; No.. North, So. - South
Attenuotor Setting&: C - Gan Selector (40, 40, o OD dED

M - Main Attenuator (10dB increments) Nogro - Chowrls I and 2
V -Vernier Attenuotor (I de increments)

Calobration: Input Calibration Level (dI or SLM type, as appopriate.

Flight Tit Program at Sunflower Airfield. Kowma

Dte: 9114/81 Data Analysis Lou (data recorded from 0 m ht microphones) Shwet 2 oF 10

Measuremen Station:Alpha @2.0km TpN:A-I SLMTyp: B&K 2218

M;c. Tye: (I) 4134 (2) 4134

Test Desaription Photographic Reasrdng Col. Direct-Reod Data (Chr el I)

Flight Photo Eat. Attenumtor Tape L x L L In4egr.
Run Aircraft Profile I.D. hi. Settings m Tm

Time No. Type TILS No. (ft0 G M V SLM do(A) dKA) dOA) hTime

1815 12 602C TIN. 12 536 60 20 0 2218 81.0 90.8 72.1 .018h

Cd. - - 60 30 0 9 dB (104) - - Cd.
1421 13 602 C TINo. 13 676 40 20 0 D-K 03.0 6W.8 71.2 .020 h

1428 18 402C TINo. 14 678 60 20 0 2218 62.S 89.6 70.7 .021 I

1431 IS 02C TINo. IS 409 60 0 0 2218 85.0 91.1 72.1 .021 h

1190 16 T2ION TINo. - - -

1525 11 TION T4No. 17 41S 60 20 0 2218 6W.0 93.8 79.8 .006 h

1532 Is T21ON TINo. l8 454 60 20 0 2218 u8.s 93.2 77.0 .011 h

Is38 19 T21ON TNo. 19 389 60 20 0 2218 69.0 .3. 77.3 .011 h

1613 20 T2ION LiNo. 20 108D 60 20 0 2218 77.0 33.0 67.0 .011 h

1616 21 T210N LOS. 21 1037 40 20 0 2218 76.1 1.5 66.5 .0061h

1619 22 TION LINo. 22 1097 60 20 0 2218 77.0 82.8 65.4 .01Sh
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Table B-4 (Continued)

Flidt Tast Program at Sunflower Airfidd, K m

Data Anolyis Log (data recorded from 10 m hl microphoes) Seet 3 of 10
D le: 9114/61

Mms memnt Station: AlpaO @2.0km Tape N:A-2 SLM.T. : S&K 2218

mijln. (1) 4134 ( 4m

Test Description Photorophic Recording Col. Diect-Read Data (Chwne I)

Flight Photo Est. Attenmotor Tape Lina x  Lam Leq Inle.

Run Aircraft Profile |.D. ht. settings Tie
Tier No. Tpe T /L No. f G M V SLM dA) hhos

1622 23 T21ON L/So. 23 1047 60 20 0 2218 - -

1637 24 T21ON SPNo. 24 783 - - 2218 - -

Flidt Tat Progrm af Sunflower Airfidd.Kmimu

Data Analysis Log (dato recorded from 10 m ht microphones) Shoe o0
Dale: *)114/1

Measurement Stationt Alpha @2.0km TaeN:A-2 SLMType: B&K 2218

Tat Description Photograpi Recording Col. Direct-Read Data Ihme I)

Flight Photo Est. Attenuator Tape Lrnmx Lax Leq Inlegr.

Run Aircraft Profile I.D. ht. Setinp €l,- dA d Tme

Time No. Type TA.S No. (ft) G M V SLM dhA dBlA) dEAl hours

1041 25 T2ION SINo. 2s 906 60 20 0 B&K 83.S 89.7 73.3 .011 h

1711 26 172 P TONo. 26 401 60 20 0 2218 77.5 115.6 69.3 .011 h

1716 27 172 P T)No. 27 457 60 20 0 2218 76.5 84.9 67.9 .013 h

1721 28 172 P TmNo. 20 427 60 20 0 2218 77.0 85.1 66.S .020h

1725 28 172 P TONo. 28 503 60 20 0 2218 75.5 8'.2 "6.6 .OlSh

97 3 30 172 P LtNo. 3) 1045 s0 20 0 2218 75.5 82.9 6.2 .020 h

1743 31 172 P LAo. 31 1010 60 20 0 2218 74.5 81.3 65.3 .OlOh

1745 32 172P L/No. 32 9052 60 20 0 2218 74.5 82.3 63.7 .02Oh

1749 33 172P L.o. 33 100A 60 20 0 2218 73.0 U.S 63.8 .013h

181 34 172 P SA4o. 36 m 60 20 0 2218 68.0 81.5 61.6 .027 h

IV? 35 172 P Si. 35 1010 60 20 0 2218 70.0 a1.2 61.8 .023h

I11S Col. - 94 dB
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Table 8-4 (Continued)

Flilt Tst PMomnv at Sunflower Arfid Kaw~m

Doe 914M Data Analpis Log (data recorded from 10 m Wt microphones) Sheet 5 of 10

MMwemwiSallw DOWe @2. 5 km TqN 8-1 SL.M T~ S&K 2218& GR 19go
Mic. Tt~, (1) 41 " (a 41"6

Tot Dwoiptiun Photographic Recording Cal. Dimect-Road Data Chme 1)

FliO~t Photo Esit. Attenuotor Tqe L x La Le ntw
Run Aircrat Profile I.D. ht. Settingsa, o eqT is No. TMe MIS No. (ft0 SLM dB5A) MA) dSA) Tun

0657 - - - 60 40 0 %tdB (104) 8&K 2218

94 dB (114) GR 1998

1126 1 *01M Lfto. - - 60 40 0 S&K BID 8S.8 68.0 .016h

GR 82 85.2 "6.4 75,

1135 2 402 C LiSa. 2 905S 60 60 0 M.K so 85.7 70.7 .08 h

GR 81.9 85.0 68.3 47s

11410 3 402 C Lfto. .3 1049 60 ISO 0 BSK 78.2 85.1 67.3 .016 h

GR 79.0 84.4 65.4 78s

114S 4 402 C 1(50. 4 II6 60 *0 0 S&K 78.0 84.5 70.7 .006h

CR 80.1 65.9 66.9 49s

1146 5 402 C LpOJO. -60 *60 0 88K 78.0 84.7 67.2 .015h

GR 79.S 94.0 6.S.9 64s

FIlii Tat ProgrmatSunflwr Airlied Korm

Dt-91/1Data Analysis Log (ata recorded from 10 m ht microphnes) Sheet 6 of 10

Meosement Staion, Soar @ 2.S km IT±Ae ± -- SLM Typ: S&K 2218& GR 198
Mic. Tm,: (I) 416 (21416

Tant Dmariptio Photographic Recording Col. Direct-Read Data (Chor el 1)

Flitfft Photo E st. Atterxmtor Tape L.M La Le Iroev.
Run A ircaf t Profile I.D. ht. maing aI) xB dN(A) T ime

T ime No. Typ MIS5 No. (fIF) G M V SIM AdA)h .hours

1152 6 602 C LISa. & 000 60 *0 0 IISK 78.0

GR 81.3 Sh. 5 69.1 3*S

1136 7 6m C LR'lo. 7 000O 60 *0 0 O&K ?9.0 85.0 681.0 .016h

GR 80.8 8141.1 ".3 60S

1159 a 402C: LISa. a 1012 60 40 0 O&K 78.9 84.5 70.1 .007

0% 80.1 83.8 68.6 32s

1203 9 402C: Lft~o. - - 60 *0 0 O&K 79.0 85.* 68.7 .012 h

GR 80.2 WS. 67.6 h8$

1401 10 402 C T 04a. - - 60 3D 0 U.K S3- 90.8 70.5 .029 I

GR 34.0 09.9 69.7 1045

14" 11 402 C T 04o. - . 60 *0 0 OSK M5.0 90.4 70.6 .026 h

GR 86.6 89.6 69.5 101S
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Table 5-4 (Continued)
Fight Tmfrot Wamn unf lower A irfl ddt -as

Dta Analysis Lao (data reorded from 10 m ht microponxes) Shet 7 of 10

MZm1r-rent Ste t. lBiut 0 2.5km s.e N 8-I SLM Type: &IK 2218& GR I9MS

Tat Dacriptim Phota srohlc Recording Cd. Direct-Read Data (ChWe, I)

Fiot Photo Est. Attenuotor Tape Line x  Los Leq Inlow.
Run Aircraft Profile I.D. ht. Seltip "tAx A) eq T

The No. Type Ti./S No. (1t) SLM d ) hoLrs
G M V

1415 12 *OZC TN4a. 12 760 60 40 0 OK 03.5 90.5 70.6 .0ZSh

CR 65.7 89.6 69.9 93s

121 13 402 C TNo. 13 875 60 t0 0 B&K IR.5 09.9 70.2 .025 h

GR 83.8 89.1 69.4 % s

1428 14 *02 C TPNo. 1 935 60 *0 0 ,&K 81.5 89.3 69.0 .024 h

GR 82.5 88.5 68.9 90

1434 15 402 C TNo. Is 790 60 40 0 &K .2..4 90.3 70.6 .025 h

GR 84.8 89.5 69.8 92 s

1520 16 T21ON TNo. 16 824 60 40 0 O.K 87" 9.7 74.5 .029h

GR 90.4 94.1 74.0 102

1525 17 12 I0N T No. 17 50 60 I0 0 B1K 87 93.6 75.0 .020h

CR 89.1 92.9 74.2 73s

1532 1S T21ON TIN*. Is 618 60 60 0 8.K 87.0 92.5 73.7 .020 h

R 87.9 91.8 73.1 72 s

Flight Test Progran of Sunflower Airfield Kamas

Data Analysis Log (data recorded fron 10 m ht microphones) Sht ao 0

Motrornerm Statial sWar t 2.5km TopN: B-I SLMTypie:t&K 2218& GR 198

Mi. STps (16 (21.l61

Tat Dscription Photoraphic Recrding Col. Direct-Read Data (Clio el 1)

Flight Photo Est. Attenuotor Tape Lmox  L Leq Inter.
Run Aircraft Profile I.D. ht. Settings mA ax e T

Tim* No. Type TMIS No. 0 SLM MA) dA) MA) hors
G M V 6 - WC$

1538 19 T210N T/No. 59 59S 60 *0 0 O&K 85.5 92.0 73.4 .020 h

GR 87.5 912 72.6 72,

1613 20 T2ION LNo. 20 1041 60 *0 0 O.K 77.5 9%.5 67.2 .014 h

CGt 8D.? ID.7 " .6 52 s

1616 21 T I0N LISo. 21 101* 60 t0 0 O&K 78.5 83.9 70.8 .ODS h

( t 81.2 13.1 70.1 19s

1619 22 T2ION LNo. 22 1029 60 20 0 US, 77, S.4 67.0 .0|Sh

GR If.4 43.0 64. 3 54 s

1422 23 T2ION LSo. 23 501* 60 30 0 U.K 76.0 R.3 69.5 .OS h

3 M1 S8. 01.5 1;60.0 17,

1017 26 T210N S/No. 24 922 W1 3D) 0 B%,K 94" 90.9) 74.0 .013 h

OR $.7 90.3 71.1 51 s
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Tobli 8-4 (Continued) j
Fight Tat Progran a Sunflower Airfid Kamas

Sheet 9 of 10
9M14)81 DatSgita Arolysis Log (data recorded from 10 m ht micopolnes)

Me_ur_____St_ion Boer@Z.Skm Tae N : 5-I SLMType: 8&K Z21&GR Ig8

mic. Types: (1) 16 (2 ) 41 "

Tat at ciption Photogaphic Recording Col. Direct-Read Data Chwel 1)

Flight Photo Est. Attenitor Tape Lrma La L Ile'.
RLn Aircaf t Profile I.0. ht. Settigp dMA) d/A) dMA) Time

Time No. Type TiLlS No. (ft) SLM h - hokrs
G M V

I4hl 2S T21ON Sf 1o. 25 1092 60 10 0 O6K 83.5 89.6 73.6 .011 h

GR 85.2 O8.8 71.6 52

1711 26 172 P TPho. 26 W39 60 40 0 E8,K 75.0 84.6 6'.8 .026 h
GR 75.4 83.9 64.9 79s

1716 27 172 P TAJa. 27 610 60 30 0 B6K 74.6 9J..9 64.9 .027 h

GR 75.5 84.2 64.1 99,

1721 28 172 P ToNo. 28 S52 60 30 0 86K 75.4 84.7 64.8 .026 h

GR 75.6 83.9 64.0 96s

1725 29 172 P TP)Jo. 29 628 60 30 0 B&K 74.0 83.9 64.0 .027 h

CR 75.9 03.? 63.1 98,

1739 30 172 P LPlo. 30 1045 60 30 0 8,K 74.5 83.4 65.. .017 h

CR 75.1 112.6 64.0 71 5

Flight Test Progrm at 5unflower Airfield. Korase

Daet 9114/81 .Dato Analysis Log (dato recorded from 0 m ht nicrophones) Sheet 10 of 10

Meaurement Statiot Baker Q .S km TtwN: B-I SLM Te: B&K 2218 & GR 19M

Mic. Types: (1)1 "6 (2) 1 "6

Tat Doriptian Photographic Recording Cl. Direct-Rad ato (Chone 1)

Flight Photo ESt. Attenutoar Tape Lnax Lox Le I r e.
Run Aircraft Profile 1.0. ht. Settinpg Time

Time No. Type TA ,}S No. Ift) SLM alaA) ds(A) dB(A) h :io r

G M V S

1743 31 172 P Lo. 31 1029 40 30 0 OK 74.0 81.2 66.6 .008 h

GR 75. 83. 65.3 32s

1715 32 172 P L.N. 32 1029 60 30 0 O&K 75.0 83.2 66.4 .021 h

CR 76.0 2. 63.5 77s

17%9 33 172 P LSo. 33 I000 40 30 0 U&K 74.8 81.7 65.8 .010h

GR 76.5 @3.9 64.9 3s

I1 31. 172 P 5No. 3 1000 4 0 30 0 U.K 67.0 8D.2 59.7 .030 h

CR 68.6 78.9 5.1 95s

107 35 172 P SINo. 35 1077 s0 30 0 a&K 68.2 83.9 61.6 .023 h

GR 69.3 80.3 40.1 101 s

tla Cal. -- 0 1.0 0 ".0 (10) O.K 2218

W1.O ( 111) CR 1998
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Table B-5

Fliaht Test Prooran at Sunflower Airfield Kansas Sheet I of 10
Dat a Analysis Log (data recorded from 1.2 m ht micr2phoe)

Date 9/14/91
Measrwmmnnt Station: Alpha @ 2.0 km TeNo.: A-I SLM Type: B&K 2218

Mic. T13pes: (I) 4.134 (2)4134

Test Description Photographic Recording Col. Tape Analyzed Data (Chonr 2)

Flight Photo Est. Attenuator Input L Los L Integr.
Run Aircraft Profile I.D. ht. Settings Col. or (A) a e Time

Time No. Type TILlS N. Cft) G a V SLM dB(A h = hoursType

1012 Col. - - - 60 30 0 9 dB (104) B&K 2218

1126 I 402 C L/No. I 936 60 20 0 B&K -

1135 2 402 C L/So. 2 933 60 20 0 2218 78.0 83.5 68.6 .008h

1140 3 402 C L/No. 3 1068 60 20 0 2218 77.0 83.2 66.1 .014 h

1145 4 402 C L/So. 4 988 60 20 0 2218 77.5 83.0 68.7 .007 h

1148 5 402 C L/No. 5 1024 60 20 0 2218 78.5 84.2 67.2 .013 h

1152 6 402 C L/So. 6 1008 60 20 0 2218 78.0 83.6 67.1 .02 h

1156 7 402 C L/No. 7 996 60 20 0 2218 78.5 83.7 66.3 .015 h

1159 8 402 C L/So. 8 1012 60 20 0 2218 78.0 8?.6 68.8 .008 h

1203 9 402 C L/No. 9 1041 60 20 0 2218 77.0 83.1 66.5 .013h

1401 10 402 C TINo. 10 - 60 20 0 2218 85.0 90.0 71.3 .020 h

1408 II 402 C T/No. II 619 60 20 0 2218 83.0 89.6 70.7 .021 h

Note: Flight Profiles: T - Takeoff, L - Level Flight, S - Simulated Climbout/Direction; No. - North, So. - South
Attenuator Settings: G - Gain Selector (40, 60, or 0 dB)

M - Main Attenuotor (10 dB increments) Nogra - Channels I and 2
V - Vernier Attenuator (I d8 increments)

Calibration: Input Calibration Level (dB) or SLM type, as appropriate.

Flight Test Program at Sunflower Airfield Kans Sheet 2 of 10

Data Analysis Log (data recorded from 1.2 m ht microphones)

Date: /114/81

Measurement Station: Alpha @ 2.0 km Tw No.: A-I SLM Type: B&K 2218
Mic. Tye: (1)4134 (2)4134

Test Description Photographic Recording Cl. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator Input Lmax  Lax Leq Integr.
Run Aircraft Profile I.D. ht. Settings Col. or dB(A) dB(A) dB(A) Time

Time No. Type T/L/S No. (ft) SLh hours
G M V Type

1415 12 402C TfNo. 12 536 60 20 0 2218 84.5 90.0 71.7 .018h

Col. - 60 30 0 94 dB (104) - - Col.

1421 13 402 C T/No. 13 676 60 20 0 8&K 81.5 88.6 70.0 .020 h

1428 14 402 C T/No. 14 678 60 20 0 2218 82.0 88.8 70.0 .02( h

1434 Is 402 C TfNo. Is 609 60 20 0 2218 83.5 89.8 71.1 .021 h

1520 16 T210N TINo. -- - - - - - -

1525 17 T21ON TINo. 17 415 60 20 0 2218 87.0 91.8 77.9 .006h

1532 Is T21ON T/No. Is 456 Go 20 0 2218 87.0 92.0 75.8 .011 h

1S38 I T21ON T/No. 19 31 60 20 0 2218 87.0 91.5 75.1 .OI h

1413 20 T21ON LINo. 20 1080 go 20 0 2218

1616 21 T21ON L/So. 21 1037 60 20 0 2218

1619 22 T21ON LINO. 22 1097 60 20 0 2218
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Table B-5 (Continued)

Flight Test Program at Sunflower Airfield, Knsas Sheet 3 of 10

Data Analysis Log (data recorded from 1.2 m ht microphones)

Date: 9/14/81

Measurement Station: Alpha @ 2.0 km Tape No.: A-2 SLM Type: B&K 2218
hL.Tp: (1) 4134 (2114134+

Test Description Photographic Recording Col. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator lnput L L.. L Jntegr.
Run Aircraft Profile I.D. ht. Setting Cl. or max A ( Time

Settins Col or (A) dB(A) dB(A) Tm
Time No. Type T/L/S No. (ft) SLM h hours

G M V Type

1622 23 T21ON L/So. 23 1047 60 20 0 2218 -

1637 24 T21 ON S/No. 24 783 - - - 2218 -

Flight Test Program at Sunflower Airfield. Kansas Sheet 4 of 10

Data Analysis Log (data recorded from 1.2 m ht microphones)

Date: 9/14/81

Measurement Station: Alpha @ 2.0 km Tweo.: A-2 M Ty: B&K 2218

M : (1) 4134 (2) Foulty

Test Description Photographic Recording Col. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator Input L. L.. Leq Integr.
Run Aircraft Profile I.D. ht. Settings Col. or dBA) (A) A Time

Time No. Type T/L/S No. (ft) SLM dA) h hours
G M V Type

1641 25 T21ON S/No. 25 906 60 20 0 B&K - - - -

1711 26 172P TNo. 26 401 60 20 0 2218 - - - -

1716 27 172P T/No. 27 457 60 20 0 2218 - - - -

1721 28 172P T.No. 28 427 60 20 0 2218 - - - -

1725 29 172P TM'o. 29 503 60 20 0 2218 - - - -

1739 30 172 P LNo. 30 1045 60 20 0 2218 -

1743 31 172 P L/So. 31 1010 60 20 0 2219 - - -

1745 32 172 P L/No. 32 1052 60 20 0 2218 - - -

1749 33 172 P Lo. 33 1046 60 20 0 2218 - - -

1801 34 172P S/NIo. 34 0 60 20 0 2218 - -

1807 35 172 P S/Ne. 35 1010 60 20 0 2218 - - -

1825 Col. - - - dB

B-27
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Table B-5 (Continued)

Flight Test Program at Sunflower Airfield. Kansas Sheet 5 of 10

Data Analysis Log (data recorded from 1.2 m ht microhone)

Date: 9/14/81

Measurement Station: Baker@ 2.Skm Tape..: B-I SLM._ ype: B&K 2218
Mic. T (1) 4166 (2)4166

Test Description Photographic Recording Cal. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator Input L Leq Integr.
Run Aircraft Profile I.D. ht. Settings Col. or mA) dA) Time

Time No. Type T/L/S No. (ft) SLM dB(A) h = hours
G M V Type

0857 - - - - 60 40 0 94 dB (104) B&K 2218

1126 1 402C L/No. - 60 40 0 B&K 81.5 86.5 68.7 .016 h

1135 2 402 C L/So. 2 905 60 40 0 B&K 81.5 86.3 71.7 .008 h

1140 3 402 C L/No. 3 1049 60 40 0 B&K 78.5 85.1 67.3 .016 h

1145 4 402 C L/So. 4 956 60 40 0 B&K 79.0 84.7 70.7 .006 h

1148 5 402 C L/No. - - 60 40 0 B&K 80.5 85.9 68.5 .015 h

Flight Test Program at Sunflower Airfield. Kasas Sheet 6 of 10

Data Analysis Log (data recorded from 1.2 m ht microphones)

Dote: 9/1 181

Measurement Station: Baker @ 2.5 km Tape No.: B- I SM Type: B&K 2218

Mi. yp: (1) 4166 (2) 4166

Test Description Photographic Recording Cal. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator Input Lma x  La L lntegr.
ax e Time

Run Aircraft Profile I.D. ht. Settings Cal. or dB(A) dB(A) dB(A) Time
Time No. Type T/L/S No. (ft) G M V SLM h . hours

Type

1152 6 402 C L/So. 6 1000 go 40 0 B&K 81.0 86.0 70.2 .010 h

1156 7 02 C L/No. 7 1000 60 40 0 B&K 90.0 85.9 68.! .016 h

1159 S 402 C L/So. 8 1012 60 40 0 B&K 79.5 86.9 70.7 .007 h

1203 9 402 C L/No. - - 60 40 0 B&K 61.5 86.2 69.5 .0 13 h

1401 10 02 C T/No. - - 60 30 0 B&K 83.0 90.0 71.1; .020 h

10 1I 402 C T/No. - - 60 40 0 B&K 84.0 90.5 70.6 .026 h
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Table 8-5 (Continued)

Fighft Test Progamn at Sunflower Airfield, Kansa Sheet 7 of 10

Data Analysis Lo (data recorded fram 1.2 m ht mIcro~,hxes

Date: 9/14/1
Measrement Stat ioa Baker @02.5 km Tae o: B- I SLM Typ. B" 12218

Mit. Tame: (0)41"6 (2) 41"6

Test Description Phiotograhic Recording Cal. Tape Analyzed Data (Channel?2)

Flit Photo Est. Attenuator Input Lmax Lax Leq lntegr.
Run Aircraft Profile ID. ht. Setting& Cal. or dBA) dBA) dBA) hTime

Time No. Type TILlS N 00(i SLM h=hours
G M V Type

1415 12 402 C T/Na. 12 760 60 40 0 B&K1 84.5 90.4 70.7 .025 h

1421 13 402 C T/N'o. 13 975 60 40 0 B&K 82.0 89.9 70.1 .02S h

1428 14 402 C T/Na. 14 935 60 40 0 81.1 93.5 89.7 70.3 .024 h

1434 95 402 C TINo. is 790 60 40 0 81.9 85.0 90.8 79.2 .025 h

9520 96 T21ON Tk'No. 16 824 60 40 0 81.9 98.0 93.3 73.3 .027 h

9525 97 T21ON Tot'o. 17 S40 60 40 0 81.9 87.S 92.7 74.1 .020 h

1532 98 T21ON TMo. 118 618 60 40 0 81.9 86.5 92.2 73.5 .020 h

Flight Test Progam of Sunflower Airfield. Kansas Sheet 8 of 10

Date 9/1/91Data Analysis Log (data retarded from 1.2 m ht microphones)

Measurement Station- Baker@ 2.5 km Tae B-I SLM TypeB1K 2218

Mi.Type: (1) 416 (2) 41"

Test Description Photographic Recording Cal. Tape Analyzed Data (Chonnel 2)

Flight Photo Est. Attenuator Input L L L lntegr.
Run Aircraft Profile I.D. ht. Settings Col. or MO oTime

Time No. Type TMIS No. (t) LM (A) MBA) dUCA) Ii hur
G M V Type

1536 19 T21ON. Tfto. I9 591 60 IS0 0 91.9 65.5 99.5 72.9 .020 h

9613 20 T21ON LJa. 20 1041 60 40 0 91.9 79.0 84.8 67.6 .014 h

1616 29 T21ON LISa. 21 1014 60 40 0 81.1 99.5 85.9 72.6 .ODSh

1619 22 T21ON LI~o. 22 1029 60 30 0 91.1 79.5 64.4 67.0 .01l h

1622 23 T21ON LISo. 23 1014 60 30 0 B1.1 78.0 62.9 70.9 .00S h

1637 24 T2iON S/No. 24 922 60 30 0 81.9 83.5 90.3 73.0 .Ol5 h
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Table l-5 (Continued)

FliGht Test Program at Sunflower Airfield Konsas Sheet 9 of 10

Data Analysis Loa (data recorded from 1.2 m ht microphoews)

Dae_ 9/14/8

Measrment Stationt Baker@ 2.Skn ToeN.: -I SLMT B&K 2218

Mic. Types: (1) 41"6 (2) 41"6

Test Description Photographic Recording Cal. Tape Analyzed Data (Channel 2)

Fligt Photo Est. Attenuator Input LMOX  Lax L Integr.
Run Aircraft Profile I.D. ht. Seings Cal. or eA Tiorx

Time No. Type T/L/S No. (ft) SLM dB(A) MA) MA) h = hours
G M V Type

1641 25 T2ION S/No. 25 1092 60 40 0 B&K 83.0 88.9 71.4 .015 h

1711 26 172 P T/No. 26 539 60 40 0 B&K 75.5 84.9 65.7 .023 h

1716 27 172 P TNo. 27 610 60 30 0 B&K 74.5 84.4 64.4 .028 h

1721 28 172 P T/No. 28 552 60 30 0 B&K 75.0 84.3 64.5 .026 h

t725 29 172 P T/No. 29 628 60 30 0 B&K 74.0 83.5 63.6 .027 h

1739 30 172 P LNo. 30 1045 60 30 0 f&K 75.0 83.0 65.5 .019 h

Flight Test Program of Sunflower Airfield Kansas Sheet 10 of 10

Data Analysis Log (data recorded from 1.2 m ht micro )

Date: 9/14/81
Measurement Station: Baker @ 2.5 m Tq : B.-I SLM Tye: B&K 2218

Mi. Ty -: ()416" (2)4166

Test Description Photographic Recording Cd. Tape Analyzed Data (Channel 2)

Flight Photo Est. Attenuator Input Lmax  L L Integr.
Run Aircraft Profile I.D. ht. Settings Cal. or Time

Time No. Type T/L/S No. (ft) SLM B(A) dB(A) dB(A) h = hours
G M V Type

1743 31 172 P L/So. 31 1029 60 30 0 B&K 75.0 81.1 66.0 .008 h

1745 32 172 P LNo. 32 1029 60 30 0 B&K 74.5 82.4 63.9 .019 h

1749 33 172 P L/So. 33 1000 60 30 0 O&K 75.0 81.6 65.5 .011 h

1809 34 172 P SfNo. 34 1000 60 30 0 B&K 68.0 80.0 59.7 .029 h

107 35 172 P SINo. 35 1077 60 30 0 B&K 69.0 80.8 61.2 .025 h

IB86 Col. - - 60 40 0 94.0 (104) S&K l8I1
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APPENDIX C

Example Cases of Aircraft Design Noise Analysis

Based on Cessna Aircraft Sizing Program

Cessna Aircraft Company participated in the noise control technology

assessment part of this program and performed a design evaluation of three
different aircraft models by means of their Aircraft Sizing Program.

The noise abatement methods studied were constrained to changes in

propeller size and rpm, using the some blade airfoil (Clark Y or RAF 6) in each
aircraft model study.

Four design parameters were investigated:

I. Change of blade number

2. Change of propeller rpm

3. Change of propeller diameter

4. Change of propeller activity factor

These design parameters were varied for a single-engined (T210), twin-

engined (414A), and twin turbopropeller (441) aircraft size. In each analysis, the
range of parameters was limited to that considered to be technically feasible for

the aircraft size. The primary output parameter evaluated by the program was

flyover noise level. Secondary parameters (denoted as "constraints") evaluated by
the program were

o Takeoff distance,

o Rate of climb at sea level,

o Rate of climb at altitude,

" Payload range, and
" Cruise speed.

Two cost factors were evaluated: "DOC" and "Price." However, these do

not reflect the actual cost of implementing the changes for noise control. They

are indications of market value, based on the hypothetical evaluation of the
influence of performance degradation on the competitive pricing of the aircraft.

Thus a lower "price" value indicated that the aircraft would need to be sold at a

lower price in a competitive market.

C-1



The above evaluations were performed for a total of 555 cases, comprising

2, 3, and 4 blade propeller designs for the T210 and 414A aircraft, and 3 and 4

blade propellers for the 441 aircraft. Three different rpm cases were evaluated for
each aircraft; namely:

2,400, 2,500 and 2,600 rpm for the T2 10,

2,500, 2,600, and 2,700 rpm for the 414A, and

1,800, 1,900, and 2,000 rpm for the 441 aircraft size.

The following example cases of these analyses are shown in this appendix for the

T210 single engine aircraft only.

Table C- I 2 Blades, 2500 rpm

Table C-2 2 Blades, 2400 rpm

Table C-3 3 Blades, 2600 rpm
Table C-4 3 Blades, 2500 rpm

Table C-S 3 Blades, 2400 rpm
Table C-6 4 Blades, 2500 rpm

Table C-7 4 Blades, 2400 rpm

Each table consists of a matrix of one of the following parameters

according to the propeller diameter (row) and blade activity factor (column).

Part (a)

o Maximum Noise Level, dB(A)
o Drag Polar, Cdo
o Drag Polar, 1/W1Ae

o Takeoff Dist. (D5 0 ), ft

o Rate of Climb @ Sea Level, ft/min.

Part (b)

o Rate of Climb @ 24,000 ft, ft/min.

o Range, n.mi.

o Cruise Speed, ktas
o Basic Empty Weight, lb

o Required Fuel Capacity, lb

C-2



Part (c)

o Cruise Efficiency (Payload Range)

o Time to Climb (to cruise level), min.

o Vy/V s at 24,000 ft

o Average Cruise Speed, ktas (Payload Range)

o V/V* (Payload Range)

Part (d)

o Fuel Volume Ratio

o Maximum Speed at 17,000 ft, ktas

o Estimated Price, $

o Estimated Direct Operating Cost, $

C-3
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Table C-i

WYLE LAPS NOISE STUDY -- T210, 2 BLADES, 2500 RPM MCP

NOISE dBA

Activity Factor

Prop Diameter 89.0 100.0 115.0 130.0

75,0000 76.4 75.7 75.1 74.7

80.0000 77.6 77. 1 76.8 76,3

0 B,0000 79.3 78,9 79.5 78.3

90.0000 81.5 81.1 81.0 81.0

,.0000 84.0 84.0 84.0 84.1

Drag Polar Cdo

Activity Factor

Prop DiaMeter 85.0000 100.0000 115.0000 130 0000

75.0000 0.0190 0.0190 0.0190 0.0190

80.0000 0.0190 0.0190 0.0190 0.0190

Ei -r. .0000 0.0190 0.0190 0.0190 010190

90.0000 0.0190 0.0190 0.0190 0.0190

95.0000 0.0190 0.0190 0.0190 0.0190

Drag Polar 1/7tAe

Activity Factor

Prof) Diamtatt:r 85.0000 100.0000 115.0000 130,0000

75.0000 0.0490 0.0490 0.0490 0.0490

80.0000 0.0490 0.0490 0.0490 0,0490

E15.0000 0.0490 0.0490 0.0490 0,0490

90.0000 0.0490 0.0490 0.0490 0.0490

95.0000 0.0490 0.0490 0.0490 0.0490

TAKEOFF DI!3T. ft.

Activity Factor

Prop Diaeter 8510 100.0 115.0 130.0

75.0000 3?32.0 2890.3 2684.0 2531.1

80.0000 2672.8 2492.7 2356. 0 22?39.4

C5.0000 237b.1 2254.3 2172.7 2127.3

90.0000 2264.3 2233.5 '2219, '2216.0

95.0000 2390.3 2398.4 242 j.7 2458.,?

ROC @ SEA LEVEL ft/Min

Activity Factor

Prop Diamteter 85.0 100.0 115.0 130.0

75.0000 .571.? 600.2 6?4.9 6t,?.6
80.0000 641.0 658.3 670.7 686.5

15.0000 678. ? 695.1 704.6 699.3

90.0000 692.7 684.8 674.5 661.6

95.0000 644.7 627.4 609.4 591.1

Part(a)

C-4
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Table C-I iContined)

WYLE LARS NOISE SIUDY -- T?10, 2 BLADES, 2500 RPM MCP

ROC P 24000 ft ft/min

Activity Factor
Prop Diameter 85.0 100.0 115.0 130.0

75.0000 134.0 155.4 186.8 239.6

80.0000 204.4 288.1 351.6 378.6

Efi. 0000 362.3 376.2 381.3 401.5

90.0000 386.9 411.2 402.7 395.6
9b.0000 395.7 393.4 393.2 388.4

Range - NM

Activity Factor
Prop Di.meter 85.0 100.0 115.0 130.0

7b.0000 0.0 674.5 727.1 771.3

80.0000 755.1 810.1 840.7 8-92.1

8b5.0000 847.8 860.5 867.0 869.7

90.0000 866.4 869.f: 865.7 861.5

95.0000 859.4 855.0 849.9 841.6

CRUISE SPEED KTAS

Activity Fartor
Prop DiaMeter 85.0 100.0 115.0 130.0

7b.0000 156.0 170.8 177.7 181. t

80.0000 181.9 187.2 190.3 192.1
D.,. 0000 191.5 194.4 195.7 196.3

90.0000 195,9 196.7 196.6 196.1

9...0000 195.9 195.1 194.2 193.0

Basic EMpty Weight - lbs

Activjty Factor

Prop DiaMeter 85.0 100.0 115.0 130.0
75.0000 2289.0 2289.0 2289.0 2?89.0

80.0000 2289.0 2289.0 2289.0 2289.0
s.0000 2289.0 2289.0 2289.0 2289.0

90.0000 2289. 0 2289.0 2289.0 2289.0

95.0000 2?89.0 2289.0 2289.0 2289.0

Required Fuel Capacity - lbs

Activlty Factor
Prop DiaMeter 85.0 100.0 115.0 130.0

75.0000 556.0 556.0 556.0 556.0
80.0000 556.0 556.0 556.0 556.0
E15.0000 556.0 556.0 556.0 556.0
90.0000 556.0 556.0 556.0 556.0

95.0000 556.0 556.0 556.0 556.0

Part(b)
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Table C-I (Continued)

WYLE LABS NOISE STUDY -- T210, 2 BLADES, 2500 RPM MCP

Cruise efficiency PAYLOAD RANGE

Activity Factor
Prop Diameter 85.00000 100.00000 115.00000 130.00000

75.0000 0.00000 0.03052 0.03215 0.03308
80.0000 0.033.34 0.03474 0.03555 0.03594
E.00001 0.03593 0.03663 0.03686 0.03680
90.0000 0.03672 0.03666 0.03632 0.03591
95.0000 0,03587 0.03534 0.03477 0.03415

TiMe to Climb - min

Activity Factor
Prop Diameter 85.00 100.00 115.00 1.30.00

75.0000 12?.32 97.46 79.97 65.10
80.0000 73.16 56.67 47.80 44.60
E:5.0000 46.98 44.17 42.38 40.83
90.0000 42.46 40.59 40.15 39.65
95.0000 40.91 40.09 39.54 39.4.5

Vy/Vs @ 24000 ft

Activity Factor
Prop Diameter 85.000 100.000 115.000 130.000

7b.0000 1,518 1.437 1.380 1.327
80.0000 1.347 1,305 1.257 1.261
E*'5.0000 1.292 1,247 1.205 1.19".
90.0000 1.224 1.212 1.17;3 1.133
95.0000 1.187 1.154 1.13? 1.106

Average Cruise Speed KTASPAYLOAD RANGE

Activity Factor
Prop DiaMeter 85.0 100.0 115'.0 130.0

75.0000 160.5 167.0 170.8 17P.7
80.0000 173. 176,6 178.4 179.2
05,0000 179.3 180.8 181.3 181.?
90.0000 181.0 180,8 180.0 179.0
95.0000 178.9 177.6 176.3 174.8

V/V* PAYLOAD RANGE

Activity Factor
Prop Diameter 85.000 100.000 115.000 130.000

7U.0000 0.000 0.766 0.799 0.817
80.0000 0.819 0.84P 0,854 0.862
P,10000 0.859 0.870 0.874 0.874
90.0000 0.872 0.872 0.869 0.864
95.0000 0.862 0.856 0.849 0.841

Part(c)
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Table C-I (Continued)

WYLE LABE. NOISE STUDY -- T210, 2 BLADFS, 2500 RPM MCP

Fuel Volume Ratio

Activity Factor
Prop DiaMa-ter 85.000 100.000 115.001) 130,000

7t..0000 2,641 2.641 2.641 2.641
80.0000 2.641 P.641 2.641 2.641
S,:.0000 2.641 2.641 2.641 2.641
90.0000 2.641 2,641 2.641 2.641
95.0000 2.641 2.641 2.641 2.641

MAX SPIE0 KTAS AT 17000 FT,

Activity Factor
Prop DiaMeter 85..000 100.000 115.000 130.000

75.0000 174.897 179.424 181.709 1?.76.8
80.0000 13. 121 187.094 187,963 188,320
8l5.0000 189.717 190.706 190,566 190.003
90.0000 190.797 190.178 189.21/0 188.288
95.u0000 188.879 IE:7.594 186,204 I4.889

PRICE EST,

Activity Factor,
Prop Diametemr 3 100 115 130

7t,.0000 175132 177680 178967 179564
80.0000 1f30891 182004 182509 182696
E8451. 0000 1E;34 8,i 184044 183965 18F3647
90.0000 18409:7 18374:-i 183233 182678
9,5.0000 183012 18, ,286 181502 180760

DOC EST.

Activity Factor,
Prop D:iam-ter 15.00 100.00 115.00 130.00

7o. 0000 116.0-4 116.80 117.19 117,37

80.0000 117.76 118.10 118.2i 118.30
E:r.' .0000 118.54 118,71 118.68 118.59
90.0000 118.7. 118,6? 118. 46 118.30
9.i .0000 118.40 118.18 117.95 117.7?

Part(d)
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Table C-2

bJYLE LANE; NOISE STUDY -- T210, 2 PLAP]ES, 2400 RPM MCP

NOISE dBA

Activity Factor
Prop Diameter 85.0 100.0 115.0 130.0

7t. 0000 75.9 75.? 74.6 74.?
80.0000 77.0 76.5 76, ?. 75.7
. 0000 78.5 78.1 77.S 77.5

90.0000 80.3 80.1 80.0 80.0
9'a. 0000 82. E' 82.8 8;:,. 8 8P. 9

Drag Polar Cdo

Activity Factor
Prop DiaMr~ter 03.0000 100.0000 115.0000 130.0000

7b.0000 0.0190 0.0190 0.0190 0.0190
80.0000 0.0190 0.0190 0.0190 0.0190
E.,. 0000 0.0190 0.0190 0.0190 0. 0190
90 .0000 0.0190 0.0190 0.0190 0.0190
Y,..0000 0.0190 0.0190 0.0190 0.0190

Drag Polar l/rAe

Activity Fac'tor
Prop DiaMeter 85.0000 100.0000 115.0000 130.0000

7'..0000 0.0490 0.04.90 0.04.90 0.0490
80,0000 0.0490 0.0490 0.0490 0.0490
"'.,0000 0.0490 0.0490 0.0490 0.0490
90.0000 0.0490 0.0490 0.0490 0.0490
9. 0000 0,0490 0.0490 0.0490 0.0490

'rAKE0FF DIST. ft,

Activity Factor
Prop DiaMontt-r B!.0 100.0 115.0 130.0

75. 0000 3231.5 PBS9.5 2683.0 2530.?
00.0000 2671 .8 2491 .3 2355.1 2:38.6
St... 0000 2374.? 2,253.4 2171.7 2126.3
90,0000 226.3.1 2232,3 2218.6 2; 14.7
9...0000 2388.9 2",9 6. . 2424,1 2456.6

R13C @ S ..A LEVEL ft/min

Activity Factor
Prop Dia.'meter 85.0 100.0 115.0 130.0

7b.0000 178.0 504.0 534.9 548.?
0.0000 539.6 558.1 566.6 5'8.8

05.0000 Z-76.3 592.4 601.? 598.5
90.0000 599.2 594.1 586.1 575.3
9, 5 .0000 569. 3 555.6 541.4 5,06.3

Part(a)
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Table C-2 (Continued)

WYLE L.I;S NO:ISE STUDY -- T?10, 2 BILADES, 2400 RPM MCP

RIOC 9 24000 ft fl/min

Activity Factor
Prop DiaMeter 85.0 100.0 115.0 130.0

7'.0000 I82. 176.5 184.7 209.7

80.0000 169.3 228.4 296.6 354.7

('5,0000 3;1.s 371.3 37Fi.6 379.0

90.0000 376.0 392.4 413.9 401.6

9r..0000 406.0 398.6 396.8 396.9

Rangre - NM

Activity Factor,

Prop Diamo':ter 85.0 100.0 115.0 130.0

7'.,.0000 0.0 542.3 607.0 660.9

80.0000 627.6 701.7 747,1 7V5,5

8,,0000 764.0 789.9 801.3 806.9

90.0000 805.2 812.2 815.9 813.0

9';,10000 6,14.1 S11.9 809.4 805.S

CRUISF SPEED KTAS

Activity Focl or-

Trop D)iamter 85.0 100.0 115,0 1.30.0

75.0000 0.0 161.3 170.0 175.1

80,0000 1751 4 181.7 185. 3 187.0

f15.0000 137.1 190,1 191,6 19P.4

90.0001) 192 . 3 193.4 193.7 193.1

9.. 0000 193.3 192,0 191. 190.6

Ba;ic EMpty W:ight - lbs

Activity Factor

Prop DiaMoter 05.0 10010 115.0 130.0

7b.0000 ?P89.0 2289.0 2289.0 2."8910

80.0000 2289.0 2289.0 2289.0 22.89.0

U5. 0000 2.-P9. 0 2289.0 2289,0 2289.0

90.0000 .289.0 2289.0 2289. 0 2,:89.0

9',.J0000 22f 9 -0 2,J89.0 .2F9.0 2289.0

Required Fuel Capacity - Ibs

Activity Factor

Prop Piamot'r 815.0 100.0 115.0 130.0

7b.,0000 556.0 556.0 556.0 556.0

80.0000 5-6.0 556.0 556.0 1356.0

W..0000 5,j6.0 556.0 556.0 5b6.0

90.0000 !56.0 556.0 556.0 556.0

9,.*. 0000 5,56.0 55b.0 556.0 556.0

Part(b)
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Table C-2 (Continued

WYLE LARS NOISE STUDY -- T210, ? BLADESp 2400 RPM MCP

Crui.ie efficiency PAYLOAD RANGE

Activity Factor
Prop Diameter 85.00000 100.00000 115.00000 130.00000

75,.0000 0.00000 0.02850 0.03050 0.03175

80.0000 0.03214 0.03393 0.03496 0.03557

IF,15.0000 0.0357? 0.03670 0.03726 0,0375?

90.0000 0.037:-2 0.03790 0.03788 0.03766

95.0000 0.03779 0.03753 0.03714 0.0367?

TiMe to CliMb - min

Activity Factor,
Prop Diam~ier 85.00 100.00 115.00 130.00

75.0000 ?17.R14 163.? )  IP18.91 101.27

80.0000 122.31 39.57 70.51 '.8.46

Kr.0000 65.75 56.70 53.36 51,20

90.0000 53.27 50.66 48.50 47.99

9,-.0000 49.38 48.3. 47.35 46.57

Vy/Vs @ 24000 ft

Activity Factor

Prop Oiam.t*r 85.000 100.000 115,000 130.000

75.0000 1.575 1. 525 1.4-46 1.37f.
30.0000 1.389 1,334 1.294 1.240

E',,000 0 1 .278? 1.262 1.23? 1. 136

90.0000 1.23,0 1204 1.193 1.152

9",,0000 1.205 11159 1.135 1.109

Average Cruise Speed KTASPAYI..OAD RANGE

Activity Factor

Prop Diameter 85.0 100.0 115.0 130.0

75,0000 166.0 174.3 179., 18 ,1

80.0001) 1,3.5 187.6 190.0 191.4

8f..0000 191.9 194.P 195.5 196.1

90.0000 196.2 197.0 197.0 196,4

95,0000 196,8 196.1 195,1 194.0

V/V* PAYLOAD RANGE

Activity Factor

Prop Di..meter 35.000 100,000 115.000 130.000

7 5.0000 0.000 0,8,01 0.844 0.869

80.0000 0.871 0.90? 0.919 0.928

8b. 0000 0.928 0.943 0.951 0.955
90.0000 0.954 0,960 0.9.51 0.958
95.0000 0.959 0,957 0.951 0.946

Part(c)

C-10
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Table C-2 (Continued)

W'YLE LABS NOISE SIUDY -- 1210, 2 BIADFS, 2400 RPM MCP

Fuel Volume Ratio

Activity Factor

Prop DiaMpler 85.000 100.000 115.000 130.000

7'..0000 ?.641 2.641 2.641 2.641

80.0001) P.641 2.641 2.641 .2.641

C. . 0000 ?.641 2.641 2.641 2.641.1

90.0000 2,641 2.641 2.641 2.641
9 b.0000 2.641 2.641 2.641 2.6 .1

MAX SPEED KTAS Af 24000 FT.

Activity Factor

Prop Diameter 85.000 100.000 115,000 130,000

7',.0000 0.000 161.035 169.739 174.803

30.0000 175,133 181.393 134.934 186.661

K,.0000 186.714 189.706 191.270 192.04

90.0000 191.909 193.055 193.294 192.721

95,.0000 19?.841 19,,401 191.352 190.208

PRIrF EST.

Activity Factor

'rop )iaM:.. rtr 85 100 115 130

7t. 0000 0 167355 172231 175080

a0.0000 17526:.'; 1787139 18078! 181760

(-',40000 1817P9 183479 184363 184S0?

90.0000 13472i 185372 185507 185183

55,0000 185251 18500? 184409 183763

DO)C EST.

Activity Factor

Prop Diam. t&r 85.00 100,00 115.00 1.50.00

7b..0000 0.00 113.72 115.18 116.03

80.0000 116.013 117.14 117.73 118.02

rri.0000 118.03 118.54 118.80 118.93

90.0000 118.91 119.10 119.14 119.05

9.,0000 119.07 118.99 118.81 118.6P

Part(d)

C-ll



Table C-3
WYLE LABS NOIt;F STUDY -- T210, 3 BLADES, 2600 RPM MCP

NOISE dBA

ACtivity Factor
Prop Di.ameteor 85.0 100.0 115.0 130.0

7,.0000 78.0 77.7 77.5 77.?
80.0000 80.0 79.8 79.6 79.4
UU.0000 82.4 82.3 8?.3 8?.?
90.0000 85.3 85.4 85.4 R5.5
95. 0000 88.7 8.9 9.0 89.1

Drag Polar Cdo

Activity Factor
Prop Diai4.'tpr 85.0000 100.0000 115.0000 130.0000

7t.0000 0.0190 0.0190 0.0190 0.0i90
00.0000 0.0190 0,0190 0.0190 0.0190
P,0.0000 0.0190 0.0190 0.0190 0.0190
90.0000 0.0190 0.0190 0.0190 0.0190
95.0000 0.0190 0.0190 0.0190 0.0190

Draq Polar 1/7tAe

Activity Fartor
Pro, Diami,ter 85.0000 100 0000 115.0000 130.0000

71.0000 0.0490 0.0490 0.0490 0.0490
30.0000 0.0490 0.0490 0.0490 0.0490
BS.0000 0.0490 0.0490 0.0490 0.0490
90.0000 0.0490 0.0490 0.0490 0.0490
9",.0000 0.0490 0.0490 0.0-190 0.0490

TAKEO;F DIST. ft.

Activity Factor
Prop DiAM: ter 85.0 100.0 115.0 130.0

7L..0000 2736.7 2610.5 25?1.0 2448.4
80.0000 2532.1" 2455.4 2421.7 2407.3
:5-.0000 2B08.4 ?501 6 2504.7 n,518.9
90.0000 2675.0 P-710.4 .745.7 2785.5
95.0000 3033.? 3096.? 3153.2 3,'13.0

ROC R SEA LEVEL ft/min

Activity Factor
Prop Diamtor 83. 0 100.0 115.0 130.0

7b,0000 838.? 846.5 841.? 841.P
80.0000 847.1 850.6 850.1 836.4
.5.0000 835.7 819.9 804.5 787.6
90.0000 772.8 750.7 730.4 710.2
95. 0000 676.8 651 .F 631.4 611.8

Part(a)

C-12



Table C-3 (Continued)

WYIE LAIWS NOISE SIUDY -- T?10, 3 ILA4DES, 2600 RPM M;P

ROC @ 24000 ft ft/min

Activity Factor,
Prop Diaiieti"r 85.0 100.0 115.0 130.0

75. 0000 322.4 395.? 415.5 406.4
80.0000 410,8 412,2 426.4 417.8
E:b.0000 429.7 404.9 387.4 376.5
90.0000 383.0 369.9 351.3 316.7
9 ,.0 0 36.3 288.4 2b7.7 229.3

Range - NM

Activity Factor
Prop Dimrlter 85.0 100.0 115,0 130.0

7t,0000 762.5 791.1 797.9 799.6
0 .001 0 811.3 816.9 818.6 813.3

E:l.,000U 8 ,19 816,1 809.3 so-3.5
?0.0000 808.2 800,7 791.5 779.3
Y5,0000 781.9 766.4 75P.6 738.?

CRUISE SPEED KTAS

Activ.ly Factor
Prop OiaM:'Tr 85.0 100.0 115.0 130.0

7',.-0000 198.0 20P.6 205.4 206.9
80,0000 20:3.8 211.0 212.1 212.5

t,', 0000 713.4 ?13.6 21P 21.
?0,0000 213.0 21.1, ) 210.3 209.6

210.4 08.7 207.1 2 05.6

Baic FMpty W-*ight - lbs

Activity Factor
Prop Diameter 9.0 10010 115.0 130.0

7',.0000 P289.0 22R9.0 2289.0 2289.0
80.0000 2239.0 2289.0 2289.0 2-89, 0
f:5 . 0D 2?89,0 2 ,89.0 2?E:9.0 22B9,0
90.0000 2289.0 2289.0 2289.0 2289.0
9t.0000 2?E49.0 2289.0 2289.0 2289,0

RequiredeFuel Caparity - lbs

Activily Factor
Prop Diamieter 85.0 100.0 115.0 1.30.0

7!.0000 556.0 556.0 556.0 5b6..0
80.0000 556.0 556.0 556.0 155b.0
05.0000 ,56.0 556.0 556.0 556.0
90.0000 556.0 556.0 556.0 556.0
9.0000 5f6.0 556. 0 556.0 556.0

Part(b)

C-13



Table C-3 (Continued)

WYLE LARS NOISE SIUDY -- 7210, 3 BLADES, 2600 RPM MCP

Cruise efficiency PAYLOAD RANGE

Activity Factor
Prop Di.Meter 81.00000 100.00000 115.00000 130.00000

75.0000 0.0341,1 0.03553 0.03597 0.03617
80.0000 0.03742 0. 0377.3 0.0377:3 0.03747
85.0000 0.0.821 0,0379? 0.03752 0.03711
90.0000 0.03747 0.03692 0.03633 0.03578
/,.0000 0.03603 0.03528 0,03457 0,0339?

Time to Climb - Min

Activity Factor
Prop DiaMeter 85.00 100.00 115.00 1.30.00

75.0000 45.fJ5 38.42 36.87 36.52
:30. 0001) 36..3! 35.74 34.82 :34.97
P-5.0000 34.97 35.56 36.00 36.25
90.0000 36.56 36.90 37.71 39.60
9V1.0000 39.88 42.??" 44.57 47.40

Vy/V; @ 24000 ft

Activity Factor
Prop Di.am.?t".'r 85.000 100.000 115.000 130,000

7to. 0000 1.314 1.256 1 . ,256 1 .21,?

00.0000 1.246 1.19( 1.1;6 1.156
0',-..O0000 1.201 1 .155 1.1,"a 1.100

90.0000 1.142 1. 114 1.091 1.057
9t-.0000 1.106 1.074 1.034 1.011

Av: raqe Crui'se Sp:'ed KTASPAYLOAD RANGE

Activity Factor
Prop DiaMrter 85.0 100.0 115.0 130.0

75.0000 189.3 191.5 192.5 193.0
80.0000 196.2 197.0 196.9 196.2
L:5,0000 198.1 197.3 196.2 195.?
90.0000 196.2 194.19 193.4 192.1
95.0000 192.6 190.7 189.0 187.4

V/V* PAYLOAD RANGE

Activity Factor
Prop DiaMeter 15.000 100.000 115.000 130.000

75.0000 0.9195 0.930 0.936 0.939
80+.0000 0.955 0.960 0.961 0.958
85.0000 0.967 0.963 0.958 0.9b?
90.0000 0.950 0.950 0,942 0.936
95.0000 0.938 0.92 0.918 0.910

Part(c)

C-14



Table C-3 (Continued)

WYLE LA14t; NOISE STUDY -- T210, 3 SLADES, 2600 RPM MCP

Fuel VoluMe Ratio

Activity Factor
Prop Dia:.ter (35.000 100.000 115.000 130.000

75.0000 2.641 2.641 2.641 2.641
80.0000 2.641 2.641 2.641 2.641
E15.0000 2,641 ?.641 2.641 2.641
90.0000 2,641 2.641 2.641 2.641
9,., 0000 2.641 .641 2.641 2.641

MAX SPEED KTS AT 17000 FT.

Activity Factor
Prop D:ia ter 85.000 100.000 115,000 1301000

75.0000 I7.280 198,486 19C.915e 198.717
30.0000 201884 201.730 200.900 199.980
E J.O0000 201 .760 P00.621 199.6414 198.510
90.0000 199.219 197.7"19 196.206 194,B88
910.0000 195.417 193.4(.7 191.6s5 190.029

PRICE EST.

Activity Fa(- 0or

Prop DLai-t ?r 13ee 1 01 1153 130
7t. 0000 12.7762 1BBA.15 1886SH 188576
30.0000 190370 19028:3 189812 189291
W. 0000 190300 18965,z 189103 18SA5P
90.0000 138860 188027 187199 186408
95.0000 186708 18b605 184597 I83661

DOC EST.

Activ:ity Factor
Pro. Diamter 85.00 100.00 115.00 130.00

75.0000 119.8? 120.02 120.09 120106
0, 0000 120.59 120.57 120.43 12 0.27

C5. 0000 120.57 120,3E, 120.?? 1?0.0?
90.0000 120.14 119.90 119.6!5 119.41
95.0000 119.50 119.17 11P.87 118.59

Part(d)

C-15



Table C-4

&YLE LAS NOISE- STUDY -- TPIOt 3 BLADES, 2500 RPM MCP

NOISE dBA

Activity Factor
Prop Diameter 85.0 100.0 115.0 130.0

75.0000 77.7 77.4 77.? 76.9
80.0000 79.6 79.5 79.21 79.1
85.0000 81.9 81.9 a1 I 81.8
90.0000 84.7 84.7 84.8 84.9
9b.0000 88.0 88.1 B8.? B.3

Draq Po.ar Cdo

Activity Factor
Prop Dia;eter 85.0000 100.0000 115.0000 130.0000

7,..0000 0.0190 0.0190 0.0190 0.0190
130.0000 0,0190 0.0190 0.0190 0.0190
8 ,. -0000 0.0190 0.0190 0.0190 0.0190
90.0000 0.0190 0.0190 0.0190 0.0190
95.0000 0.0190 0.0190 0.0190 0.0190

Drag Polar 1/xAe

A~ctivity Factor
Propi Di.aMeter 85,0000 100.0000 115.0000 130.0000

75,0000 0.0490 0,0490 0.0490 0.0490
80.0000 0,0490 0.0490 0,0490 0.0490
b'.OOOO 0,0490 0.0490 0.0490 0.0490
90,0000 0,0490 0.0490 0.0490 0.0490
9ts.0000 0,0490 0.0490 0.090 0.0490

TAKI .OFF DIS. ft.

Ac~tivity Factor
Prop Diameter 35.0 100.0 115.0 130.0

75.0000 21592. P 246V.0 2, 7b .8 2302 .6
80.0000 2385.1 2306.7 2258.4 22-39.6
C-. 0000 2332.7 2320.8 2319.? 2315.9
90.0000 2466.0 2490.3 2518.9 2551 .7
95.0000 2766.5 2819.0 2866.7 2916.9

ROC V, SFA LEVEL ft/min

Activity Factor
Prop Diameter 85.0 100.0 115.0 130.0

7b.0000 624.0 61C.1 613.6 614.0
80.0000 623.1 622.9 615.3 601.5
85.0000 612,5 599.1 586.0 571.7
90.0000 569.0 551.5 536.4 521.2
95.0000 501.2 482.4 467.0 452.1

Part(a)

C-16
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Table C-4 (Continued)
WYLE LAI4S NOISE STUDY -- TPIO, 3 BLADES, 2500 RPM MCP

ROC 0 24000 ft ft/min

Prop Diaeter Activity Factor
e5.0 100.0 115.0 130.0

75.S0000 ?45.9 315,5 362.7 371,0
80.0000 368.9 359.7 365.4 378.0
V0"J.0000 379.3 36C.9 345.8 331.e
90.0000 343.2 332.1 319.9 293.7
95. 0000 312.1 275.5 24"1.7 214.7

Range - NM

Activity Factor,
ProP Diameter 85.0 100.0 115.0 130.0

7',.0000 79.f,: 89.4 847.2 816S.0
80.0001) 365. 6 867.8 867.8 864.1
Ct,%, O000 875.6 868.7 859.5 8,51. ,
90.0000 858,0 847,9 837.6 8.5.5
V829. 000a 829.6 811.4 794.6 777.P

CRUISF SPEED KTAS

Activity Factor,
Prop Dim.3etcr 85.0 100.0 115.0 130.0

75,0000 188.4 191.S 193.3 194.1
830.0000 197.0 198.4 198.,44 198.3
50000 200,0 199.4 19S,4 197,5
90.0000 198.4 197.0 195.7 194.3
950000 194.9 192.9 191.? 189.,'.

Ba;ic EMpty W'ight - lbs

Activity Factor
Pro 0 Diat 2r 85.0 10.0 2115.0 130.0

70.0000 2289.0 2289.0 2289,0 2289.0

0".,.0000 2289.0 2289.0 2289.0 2289.0
90.0000 2289.0 2289.0 2289.0 2289.0
95.0000 2?89.0 2?89,0 2289.0 2289.0

Required Fuel Capacity - lbs

Activity Factor
Prop Diameter 85.0 100.0 115.0 130.0

7b.0000 556. 0 556.0 556.0 5,6 .0
80.0000 556.0 556.0 556.0 -556 .0
bt.0000 5b6.0 556.0 556.0 556. 0
90.0000 556. 0 556.0 556.0 556. 0
95.0000 556.0 556.0 556.0 556. 0

Part(b)

C-17



Table C-4 (Continued)

WYLE LAI'S NOISE STUDY -- T2IO, 3 PLAJES, 2500 RPM MCP

Crui.se efficiency PAYLOAD RANGE

Activity Factor
Prop DiaMeter 85.00000 100.00000 115.00000 130.00000

75.0000 0.03509 0.03570 0.03586 0.03581
80.0000 0.03761 0.03765 0.03737 0,03696
8,.,0000 0.03798 0.0375ei1 0.03698 0,03646
90.0000 0.03682 0.03603 0.03537 0.03471
95.0000 0.0348 0.03395 0.03309 0.03229

TiMe to Climb - min

Activity Factor
Prop Diaieter 85.00 100.00 115.00 130.00

75.0000 63,77 51.Rs. 45.73 44.60
80,0000 45.41 44.2 43.03 42.16

.0000 42.59 42.60 43.30 43.71
90.0000 43.75 43.95 44.43 46.02
9':,.0000 45.74 48.23 50.83 54.06

Vy/Vs @ 24000 ft

Activi-ty Factor
Prop Diam.eter 85.000 100.000 115.000 130.000

75.0000 1.32P 1.268 1.232 1.231
80.0000 1.260 1.19;3 1.17. 1.160
E:.0000 1.193 1.159 1.118 1.091
90.0000 1.130 1.108 1.084 1.060
95.0000 1.10,! 1.070 1.0-4? 1.01S

Averag* Cruiie Speed KTASPAYL.OAD RANGE

Activity Factor
Prop DiaMeter 85.0 100.0 115.0 130.0

75.0000 177.6 17E;.8 179.0 178.9
80.0000 183.1 183.2 182.5 181.6

.5t. 0000 183.9 182.8 181.6 180.3
90.0000 181.3 179.5 177.7 176.2
V5.0000 176.7 174.5 17P.4 170.5

V/V* PAYLOAD RANGE

Activity Factor
Prop Diameter 5.000 100.000 115.000 130.000

75.0000 0.847 0.8b8 0.861 0.861
80. 0000 0.833 0.885 0.8'32 0.878
st-,0000 0.891 0.885 0.878 0.87?
90.0000 0.876 0.867 0.858 0.849
95.0000 0.850 0.838 0,826 0.815

Part(c)

C-18



Table C-4 (Continued)

WYLE LAN. NOISE STLIDY -- T2ID, 3 BLADES, 2500 RPM MCP

Fuel VoluMe Ratio

Activity Factor
Prop DiaMeter 85,000 100,000 115.000 130.000

75.0000 2.641 2.641 2.641 2.641
80.0000 2.641 2,641 2,641 2.641
UJ.0000 2.641 2.641 2.641 2,6AI
90.0000 2.6'41 2,641 2.641 2.641
c/t' .O00N .641 2.641 2.641 2.6I

MAX SPFED ITAS AT 17000 FT.

Activity Factorl:''"o p lDiawM ?r .1 .r .3 000 100,.000 11 15,.0 00 130, 000
7'.,00 1R6,3KiEI 136.90.9 18Oe,998 186.77?
:I0.0000 191.3LW 190.:058 189.8359 188.828
:,,0060 19.04.1 190.727 189.617 188.530
90. 0000 190.010 1'00.3'40 186,99: 185,576
',. 0000 186,271 184.433 1 E2.620 160 .936

PRIC- EST.

Activity Factor,
Prop Oi.aw.-t~r 100 115 130

7,. 000 0 1 H1588 181L96 1819".0 1C.Is ;
80. 0000 1:34419 18130 183552 182983
W:t,. 0000 1 I8,799 184112 183i28 I W'81 .,
90.0000 183651 182707 131946 181147
Y'?, 0000 I -.0 115., 5 18050? 179480 178531

DOC2 EST.

Activity Fac-tor,Prop Di.m:-.ter 35 1 00 100.00 115.00 130.00
7'.0000 117.97 Ii8.06 118.08 118.l0,
80.0000 118. W. 118.73 118,56 118.39

., 0000 1I .93 118.73 118,5? 118,34
90.0000 1113.59 118.31 118.08 117,84
9'..0000 117.96 117.6, 117.34 117.06

Part(d)

C- 19



Table C-5

WYLE LAI:S NOISE SIUDY -- 1?I0, 3 BLADES, ?400 RPM MCP

NOISE dBA

Act vity Factor
Prop DiaMeter 85.0 100.0 115.0 130.0

7b.0000 77.? 76.9 76.7 76.5
80.0000 79.1 78.9 78.8 78.6
S.t,.000 91.? 311 81.1 81.?
90.0000 8:3.8 83.8 8,3,9 84.0
95.0000 68 87.0 87.1 87.?

Drag Polar Cdo

Activity Factor
Prop Oiameter 8*.0000 100.0000 11 .0000 130 .0000

7b.0000 0.0190 0.0190 0.0190 0.0190
80.0000 0.0190 0.0190 0.0190 0.0190
E:...0000 0.0190 0.0190 0.0190 010190
90.0000 0.0190 010190 0.0191) 0.0190
9,%.0000 0.0190 C.0190 0.0190 0.0190

Drag Polar- 1/7Ae

Activity Fartor
Prop Di.imeter 85.0000 100.0000 115.0000 130 .0000

7',.0000 0.0490 0.0490 0.04.90 0. 0_490
.'30.0000 0.0490 0.0490 0.0490 0.0490
8W.0000 0.0490 0.0490 0.0490 0.0490
90.0000 0.0490 0.0490 0.0490 0.0490
9,.0000 0.0490 0.0490 0.0490 0.0490

"tAKEOFF DISr. ft.

Activity Fartor
Prop DiaMeter 85.0 100.0 115.0 1:30.0

71.0000 2591.7 ?46...9 P3"75.7 2301 .5
80.0000 2384.0 2305..5 2257.,.  2238.4
st.0000 2331.4 ?319.4 2317.9 P324.5
90.0000 2464.5 2488.7 2517.3 25500 t
9b.0000 P764.6 P817.0 2864.6 2914.7

ROC @ SFA LE[V'L ft/Min

Activity Factor
Prop DiaMeter 8*.0 100.0 115.0 130.0

75.0000 525.9 522.4 514.5 513.22
80.0000 52.3.6 522.9 516, ,5 1501.8
P5.0000 519.9 507.1 495.2 461.7
90.0000 490.0 475.4 462,.3 449.0
95.0000 442.0 426.1 41?.8 399.9

Part(a)

C-20
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Table C-5 (Continued)

WYI E LAPS-, NO]SE Sl IIDY -- TIO, 3 LADES, 2400 RPM MCP

ROC @ 24000 ft ft/Min

Activity Factor
Prop Diame.te.r 85.0 100.0 115.0 13010

7'. O00 213.4 26!e. 4 319.4 36?.7
130 , 0000 361.7 373.3 356.3 358.8
,,..0O00 362.7 377.9 364.0 337.0
90.0000 359.5 337.8 327,3 313.7
9t.. 0000 328.7 312.6 279,6 247.4

Rangt - NM

Activity F*c c.tor
Prop Di.aMet~r 83.0 100.0 115.0 130.0

7,...0000 679.9 7?E;.5 763.? 778.3
80.0000 79 -. 7 801.0 a022. 801.2
E:,. 000(o 814.3 812.7 807.5 798.9
90,0000 810.4 802.1 795, 6 7.'9.0
9,.0000 794.6 784.7 77?.1 758, 2

CRUI.SE SPEED KTAS

Activity Factor
Pro ) Di.1M et"er 85.0 100.0 115.0 130,0

7b.0000 181.9 18W,3 186.7 187.?(30. m00 191 .,f 193,.1 193,.4 193.3
"t.. 000 196,3 195.U 194. 193.5
90.000) 195.6 194.2 193.1 191.?
9'...0000 19'.7 190.7 189.? 187.,5

Easic EMpty Wtight lbs

Activily Factor
Prop Diameter 85.0 100 0 115.0 130. 0

75.0000 2289,0 2289.0 2289.0 2289.0
80.0000 2289.0 2289.0 2289.0 2299.0

.0000 K,89.0 2289.0 2289.0 2189 ()
90.0000 2289.0 2289.0 2289.0 229.9 0
95.0000 2289,0 2289.0 2289.0 2289.0

Required Ful Capacity - Ibs

Activity Factor
Prop Diam:.ter ,15.0 100.0 115.0 130.0

75.0000 ,'N56.0 556.0 5,,6. 0 5,j6. 0
180.000 956.0 556.0 556.0 556.0

M.G0000 5f"96.0 556.0 556.0 5b6.0
90.0000 556.0 556.0 556.0 556.0
95-0090 556,0 556.0 556.0 556. ,

Part(b)

C-21



Table C-5 (Continued)

WYLE iA)S NOISE STUDY -- 1p10t, 3 BLADES, 2400 RPM MCP

Cruise efficiency PAYLOAD RANGE

Activity Factor

Prop DiaM.eter 85,00000 100.00000 115,00000 130.00000

75.0000 0.03394 0.03497 0.03544. 0.03560

0.0000 0.03734 0.0377B 0.03786 0.03769

E4,1.0000 0.03891 0.03868 0.03029 0.03788

90.0000 0.03860 0.03809 0,03757 0,03704

91,.0000 0,03749 0.0367C 0.0361? 0,03549

TiMe to Climb - Min

Activity Factor

Prop Diameter 85.00 100,00 115.00 130.00

7b,.0000 99.97 78.17 63.70 55,9t

30.0000 57.53 54.86 53.85 .5., 68

0 0,O000 53.07 51.67 51.68 5) , 77

90.0000 5,:. . 16 52,.0. 53.11 53.67

9 -. 0000 53.58 54.53 57.19 60.6:

Vy/V-; @ 24000 ft

Activity Factor

Prop Diameter .3S.000 100.000 115,000 130.000

7,.0000 1,369 130 1.256 1.21?

80.0000 1.238 1,.244 1,183 1,151

1:1..0000 1.184 1.169 1.138 1.096

90.0000 1.146 1,107 1.086 1,062

9b. 0000 1 .106 1 .075' 1.054 1.019

Average. Cruise Speed KTASPAY.OAI) RANGE

Activity Factor

Prop OiaM eter 85.0 100.0 115.0 130.0

75.0000 187.9 190.? 191.1 191.4

0. 0000 195.8 196.8 197.1 196.6

U5.0000 199.6 199.0 198.0 196.9

90.0000 1903.8 197.4 196.3 195.0

95. 0000 195.9 194.3 192.7 191.?

V/V* PAYLOAD RANGE

Activity Factor

Prop Diameter 05.000 100.000 115.000 130.000

75.0000 0.903 0,919 0.926 0.9?9

80.0000 0.953 0.958 0.960 0.959

to,. 0000 0.974 0.971 0.966 0.961

90.0000 0.970 0.964 0.9511 0.951

9b,.0000 0.956 0.946 0.938 0.930

Part(c)
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Table C-5 (Continued)

WYLE LAIRS NOISE STUDY -- T210, 3 BLADES, 2400 RV'M MCP

Fuel Volume Ratio

Activity Factor
Prop DiaMeter 85.000 100.000 115.000 130.000

75,0000 P,6A1 2,b41 2,641 2.641
80.0000 2.641 2.641 2,641 2.,641
E',.. 0 000 2.641 P.6.11 2.641 2.b41
90.0000 2.641 2.641 2.641 2.641
9t.,0000 2,641 2.641 2.641 2.64.1

MAX SPEED KTAS AT 24000 FT.

Activity Fertor
Proo Diamerver 35.000 100.000 115,000 131.000

7i.0000 IP.1.5y3 184.938 186 .34 1i86.843
30.0000 191.464 19P.70'i 193.004 191.829

W.). 0000 195.88 19t., 38) 194.37C 193. 64
90.0000 195f, 1.97 193.8.7 19?. 62 j 191.268
9,-.O0oe 192.239 190.20f0 188,711 I87.04P

PRICI- EST.

Activity F rtvr-
Pro, Diamre'ter 035 100 115 130

7,..0000 178902 180787 Is1I818 1B6
80,0000 184.4?? ,  185173 185343 185244
8b.0000 186971 18668F7 186115 185490
90. 0000 186F578 185308 1851,29 184361
9",.0000 18I4910 18380 " 182917 1.1974

DOC2 EST.

Activity Factor
Prop DiaMeter 85.00 100,00 115.00 130.00

75.0000 117.1? 117.73 117.97 118.05
80,0000 118.3-3 119.04 119.09 119.06
El.0000 119.!98 119.49 119.3? 119.14
90.0000 119. Z3 119.23 119,03 1AR8.80
95.0000 118.96 11,63 118.37 118,09

Part(d)
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Table C-6

WYLE LAI*. NflISE STUDY -- TP0I, 4 WLADES, 2500 RPM MCP

NOISE dBA

Activity Factor
Prop DiaM:;'ter 85.0 100.0 115.0 130.0

7b.0000 77.t5 77.3 77.1 77.1
80.0000 79.6 79.5 79.5 79.5
Sti.0000 82.3 82.3 82.4 82.4
90. 0000 85.3 185. 85,6 85.7
5r.,. 0 00 88.S 89.0 S9.? 89.3

Dr ig Polar Cdo

A ivity Factor
Pro;i Diamnter 85.0000 100.0000 115.0000 130.0000

7r,.0000 0.0190 0.0190 0.0190 0.0190
130.0000 0.0190 0.0190 0.0190 0.0190
St.),0000 0.0190 0.0190 0.0190 0.0190
90.0000 0.0190 0.0190 0.0190 0.0190
?"...0000 010190 0.0190 0,0190 0.0190

Drag Polar 1/rAe

Activity Factor
Prop 0i.amf: ter 13.5.0000 100.0000 115.0000 130.0000

7',.0000 0.0490 0.0450 0.0490 0.0490
G0,0000 0.0490 0.01Y0 0.0490 0.0490
L5-.0000 0.049D 0.05'10 0,0490 0.0490
90,0000 0.0490 0.0490 0,0490 0.0490
9t.'0000 0.0490 0.0490 0.0490 0.0490

TAK FOF- DIV'r, ft.

Act:ivi ty Fartor
Prop DiaMeter 8 5.0 100.01 115. 0 130.0

7'. 0000 2450.7 2371 .7 2,319.0 228".1
80.0000 2341.0 2325.1 2321.9 23?7.5
8,W. 0000 2418.8 2433.7 2456.6 2,I4.?
90.0000 2646.5 2-694 .5 '?739.3 2767.5
9bO000a 3042.1 3114.5 3176.6 3244.7

ROC @ SFA LEVEL ft/min

Activity Factor
Prop Diamerer 8:.0 100.0 115.0 130.0

75. 0000 589.5 587.4 582.1 566.5
80. 0000 586,3 569,2 554. 538.2
8a O0 O0 552. 7 535.2 519.5 503.6
90.0000 500.2 481.8 466.4 451.3
95.0000 429.? 411.4 397.0 383.3

Part(a)
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Table C-6 (Continued)

W.YLE L.P NOISE STUDY -- T? O, 4 JPLADES, P00 RPM MCP

ROC f 24000 ft ft/,qin

Activity Factor
Prop Oiameter W3.0 100.0 115.0 130,0

7"-. 0000 362.0 366.7 341 .5 340.1
80.0000 352,0 .361.1 330.9 2799.8
F1t. 0000 32tf.8 306.? 7 9?.0 274.0
90,0001) 293.7 263.7 430 .1 197.8
95.0000 217.4 182.6 1,,.. 125.7

Ran.'- - NM

At.i v y Far-tor

Prop DiawvTer 85.0 100.0 115.0 1.30.0
7b.00 D0 856.9 856.3 851,I ,. = R47. 0.
s0,0000 87..0 86S,8 B52.8 8 42, 3
E. 0000 860. C 849.1 838.9 828.6
90.0000 8..i3,8 819.6 802.2 783.2
S'. 00(0 790.4 766.1 741,4 71?.1

rRUItSF SPEF: D KTAS

Aclilt Factor
;'tro Diam:-8er% 8.0 100.0 115.0 130.0

7,-. C00 196.0 197.0 19&.9 196, r,
F30.0000 200.9 199.9 198.7 197.7
": ,V00. 200.P 19F,9 197 .5 19.. 1
70.0000 19"?.3 19:;.4 193.6 191.9
V 0. 000 192.1 190.4 188.? 1I6 .?

Fa';ir Fmpty Wo.0hl - lbs

Ac-tivi ty Factc,
Prop Dia m!'tpr 85.0 100,0 115.0 130.0

7O. 0000 2289.0 2,°89.0 22819.0 228]9.0
80.0000) 2289.0 2289. ,2B9.0 2289.0
F.".0000 ??H9.0 22?89.0 2289.0 ??89.0
90.0000 2289.0 2289.0 ?,n9.0 2299.0
91,i. 000 2289.0 PP89.0 2R9. 0 P2289. 0

Reluired Fur-?l Capacity - lbs

Activity Factor
Prop DiaMetizr 85.0 100.0 115.0 130.0

75.0000 556.0 55..0 556.0 5,h6.0
80.0000 556.0 556.0 556.0 556.0
C..0000 556,0 556.0 556.0 556.0
90.0000 556.0 556.0 556.0 556.0
SIN.O000 5b6.0 556.0 556.0 556.0

Part(b)
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Table C-6 (Continued)
WYLE LAPS NOIEE STUDY -- TP0I, 4 BLADES, 2500 RPM MCP

Cruise efficiency PAYLOAD RANGE

Activity Factor
Prop Diameter 85.00000 100.00000 11:5.00000 130.00000

75.0000 0.036S6 0.03677 0.03645 0.0360?
80.0000 0.03818 0,037621 0.03705 0,03651
85,.0000 0.03775 0.03699 0.036P 0.0356?
90.0000 0.03606 0.03512 0.03428 0.03349
9t..0000 0.03375 0 .0326? 0 .03160 0.03066

TiMe to Climb - Min

Activity Factor
Prop DiaMr'ter 8-.00 100 00 115.00 130.00

75.0000 45.S5 44.9 -4 4,..97 44.44
80.0000 44.19 43.56 45.07 16.41
f,5.0000 45.21 46.0? 46.71 47.7
90.0000 47.02 49. 20 52.24 756.18
"/t. 0000 54.56 59, 1, 64. 58 7.50

Vy/Vs P 24000 ft

Activity Fat-tor
P1 rop 0 i. aM::-,tor :3:J. 000 100 0O0P 115.001)0 130.000

7',.0000 1.233 1.229 1.166 1.140
F30.0009 I1.1 : I1; 15:3 1,117 1,075
R ', , 0 0 00 1,121 1 .091 ,  1.071 1 . 04.4
90.0000 1.088 1.061) 1.025 01998

90.0000 1.045 1.018 0.9'2, 0.96-3

Averagr: Cruise Sprrd I(TASP-YLOAD) RANCE

Activity Factor
Prop DiaMrter 85.0 100,0 115.0 130.0

75. 0000 181.4 181.1 180.4 179.4
:30.0000 184.4 183.0 18 .7 180.5

1.,, 0000 183.3 1I , 6 171."9 17F. 5
90.0000 179.5 177.2 175.4 173.5
y..0000 174.2 171.5 169.0 166. 8

V/V* PAYLOAD RANGE

Activity Factor
Prop DiaMeter 85,000 100.000 115,000 130.000

7'. 0000 0,874, 0.874 0.870 0.865
80.0000 0,893 0.886 0.8'79 0.872
U5.0000 0,888 0.878 0.869 0.861
90.0000 0,867 0.854 0.84? 0.833
95,0000 O.835 0.819 0.604 0.790

Part(c)
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Table C-6 (Continued)
DATA FILE W'SE4B
WYLE LAK NOISF STUDY -- T210O 4 PLAPES, 2500 RPM MW.P

Fuel VoluMe Ratio

Activity Fartor
Prop Diameter 85.000 100,000 115,000 130.000

7',.O00O0 2.61 2.641 2.641 2.6.1
80.0000 2.641 2.641 2.641 2.641

0.0000 2.641 2,.61 2.641 2.641
90.0000 2.641 2.641 2,641 2-.641
9,'.10000 2.641 2.641 2,641 2.641

MAX SPEED KTAS AT 17000 FT.

Activity FactorP r o. 0 et'er 85.000 100.000 115.000 130.000

7,.0000 I86.941 1Fa .'70 187,576 I6.546
80.0000 191.360 189.968 188.630 167.542
.. 0000 191.051 189.487 187.9'.7 186,490
90.0000 18.303 186.327 184.533 1'2.873
9t,.0000 183.867 181.48 179.318 177.31,

PRICF: EST.

Activuity Fzctor-
Prop l)iaM8t~r t5 o00 1A 5 130

7b. 0000 1830417 182?37 182276 1P169,.
80.0000 184413 1836"27 182871 182257
f f.) . a0 1 4239 I R335b 1811?4 91 181663

90. 0000 1826,37 161571 180559 1/9623
91t.0000 I0184 176640 177620 176451

D)C EST,

Activity Factor
Prop Diameter 85.00 100.00 115.00 1.30.00

7t.000Q 118.41 11s.31 118.18 11S.00
800000 11,3.8,_  118.58 118.36 118,17
:,0000 11Ft.76 11s.50 116.24 117.99
90,0000 118.30 117.97 117.66 117.39
9"'.0000 117,5." 117.15. 116.79 116. 4r:.

Part(d)
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Table C-7
WYLE LAPS NOISE SILDY -- 1?10) 4 14LA D , 2400 RPK MCP

NOIS:F dBA

Activity Factor
Prop iAm.. tel 8. 0 100 . 0 115.0

711.0000 77.1 76. 9 76.B 76.7
10.0000 79. ; 79.2 79,1 79.1 I
E,.,. 000 81 .6 8i .7 81 . 0 81.9

90,0000 R',5 84,,6 84.7? 84,-8]
9"'t.0000 F7. 7 87.9 88. 0 8F. ,

Dr-)g Polar Cdo

,rtivity Factnr
Pro A0i a m 2 t er 3? 000) 100.0000 115, 000f) 130 .0000

7'.000 0.0190 0.0190 D.0190 0.019(t
I130,000 0.0191) 0.01911 0.0191) 0.0190
8,'.0000 0.0190 0.019C 0,0190 010190
90,0000 010190 0,0190 0.0191) 010190
9'-1.0000 0.0190 0.0190 010190 t'0.0190

Drag Polar, I /Ae

rtivi y Factor
Prop 2)iaM: r' 3> .0000 100 .0000 1 15.001)) 130 .0000

70.000 0,0490 0, C0?( 0.049{0 0,04Y0
89.000)0 0,0490 0.0191) 009490 0 .0490
E55.0000 0.0490 0.0490 0.0490 0.04e
90.O00O 0.0490 0,0490 0.0490) 00490
9L'0,00C 0.0490 0.0490 0,0490 0.049tt

T:)KEOF'F DT8J. ftI.

( t ivity Far tor
Prop DtaMretIr 85.0 100.0 115.0 1.30,0

7.,0000 P.49,6 2370 .6 2317, R 2483.8
80,0000 2339.8 2323.7 2320.4 23?6. 1

Do V, 0 2417.4 243. 2 4' ,. 0 2483.3
90.0000 2444.7 269' / 2737.4 2"/85.5
9,0000 3Ui39. S 3112.1 3176.1 3242.1

ROC @ ,SA LEVEL, ft/mnn

Activity Factor,
Prop Diame=ter 83.0 100.0 115.0 130.0

7b.0000 494.1 489.4 484.1 471.S
80.0000 490.7 472.7 457.? 441.5

S0. 00 0 465,0 448.5 433 .8 418.7
90.0000 429,0 41;2.7 399.0 .385.4
9L,, 0000 377.4 361.F' 349.0 336.7

Part(a)
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Table C-7 (Continued)

WYLE LA.1*S NOISF STUDY -- T10, 4 tLADIES, ?400 RPM MCP

RIJC @ 2-4000 ft ft/Min

Activity Factor
Prop DiaMetmr 85.0 100.0 115.0 130.0

75.0000 315.5 363.? 367.6 334.6
80.0000 350.4 346.5 353.;2 319.2
Etb. 0000 3. A7.3 314.0 29519 280.1
90.0000 :3o2,.9 285.6 258.1 P 223.4
9b.0000 253.5 216.0 18, S.4 155.?

Ranq@ - NM

Activity Factor,
Prop DiA.mter 8:5,0 100.0 115.0 130.0

7',. 0000 769.3 787.9 7H9.5 7H5.7
80 .0000 807.5 8o,.. 5 796.5 786.5
et). 0000 80. ? 796.1 788. 4 70 1 . ,
90.0000 792. 9 783.1 770.7 7:54,7
9b.0000 766.7 747.3 7-7 .f 703.2;

CRUISE SPEI:.:D KTAS

Activity Fa:tor
Pro. DiAm-t:ter" J5.0 100,0 115.0 130.0

75.0000 189.4 190.2 190,4 190.1
80.0001 19!.,8 194.9 193,6 192.3
NO. 00 0 196.6 195,0 193. 7 19?.3
90.0000 194.7 19;?.i 191.1 189.4
95i. 0000 190.8 188.4 186.3 184.4

Basic EMpty W.i.qh" - bs

A.ctivity Factor
Prop DiaMeter 8:..0 100.0 115.0 130.0

75.0000 2289.0 12851.0 2289.0
80.0000 2289. 0 2289.0 2289.1) 2289.0
85.0000 2289.0 22F9.0 ?28910 2,89.0
91).0000 2289.0 2289.0 89.0
95.,0000 2289.0 2?89.0 2289.0 2289.0

Required Fuel Capacity - lb-

Activity Factor
Prot Diam~ler 8:5.0 100.0 115.0 130.0

75.0000 556.0 556.0 556.0 556.0
80.0000 556.0 556.0 .956.0 556.0
F'..0000 556.0 556.0 556. 0 5,56.0
90.0000 556.0 556.0 556.0 556.0
915.0000 556.0 556. 0 5,56. 0 55~6. 0

Part(b)
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Table C-7 (Continued)

WYLE LAYPS NOISE STUDY -- TPIO, 4 BLADES, 2400 RPM M.P

Cruise. efficiency PAYLOAD RANGE

Activity Factor
Prop DiaMeter 85.00000 100.00000 115.00000 130.00000

75.0000 0.03641 0.03671 0.03674 0.03659
80.0000 0.038711 0.03833 0.03784 0.03737
V.5.0000 0.03897 0,03838 0.03781 0,03726
90.0000 0.0381 0.03743 0.03674 0.03607
Y5t.0000 0.0Z.669 0.03579 0.03498 0.03424

Time to Climb - min

Activity Factor

Prop DiAe. ter 8:i.00 100.00 115.00 130.00
7'. 0000 64.76 55.93 54.71 514.99
80.0000 54.84 54.14 53.71 55,45
SID. 0000 53,S0 55.5 -A. 56.47 57,34,

90.0000 56.8 57.31 59.87 64.23
95.0000 61.30 66.17 71.79 79.71

Yy/VS R 24000 ft

Activity FactorProp Diameter 05.000 100.000 115.000 130.000
7t,.rO{|0 1.26? 1.213 1.?14 1,14'/

80.0000 1,188 1.149 1.137 1.095
ES.,0000 1,141 1 095 1.06S 1.04S
90.0000 1,08.3 1.0.5,1 1. 03IS 1.013
9ts.0000 1.058 1.019 0.996 0,974

Avrage Cruise SpoFtd KTASPAYLOAD RANGE

Activity Factor
Prop DiAMeter 85.0 100.0 115.0 130.0

75. 0000 193.6 194 ,? 194.? 193.
130.0000 199.1 198.1 196.8 195.7
E:.0000 199.7 19S.? 196.9 195.6
90.0000 197.8 196.0 194.3 192.8
f't,.0000 194.? 192.0 190.1 1BS8.3

V/V* PAYLOAD RANGE

Activity Factor
Prop Di4M.ter 85,000 100,000 115.000 130.000

71. 0000 0.940 0.9.3 0.9A. 0.943
10.0000 0.97 0.967 0.960 0.954
5.0000 0.975 0.968 0.961 0.954
90.0000 0.9613 0.957 0.948 0.939
95.0000 0.946 0.935 0.9,24 0.914

Part (c)
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Table C-7 (Continued)

kWYtE LAI:L NOISE S111DY -- TPtO, 4 BLADES, 2400 RPM tC:P

Fuel Volume Ratio

Activity Factor
Prop Dian'ter 85.000 100.000 115.000 130.000

7..0000 2.6-41 2,641 2.641 2,641

80.0000 2.641 1.641 2.641 2.641

(Ji.0000 2.641 2,641 2.641 2.641

90.0000 2.641 2.641 2.641 2,641

9t,.0000 P.641 2.641 2.641 2.641

MAX SPEED KTAS AT 24000 FT.

Activity Factor

Prou Diameter 8.5000 100.000 11O.0no 130,000
75. 0000 189.000 189.758 189.97C ItP9. 675
80.0000 195,406 194.454 193.161 191.894

0 .. 000 196.185 19v4. 621 193.318 191.907

90.0000 194.?78 192.313 190.620 188.924

9,t. 0000 190.309 1 R7. 973 185. Bs.2 183.884

PRICE EST.

Activity Factor,
Prop Dia ,o-er 81- 100 115 130

7t,. 0000 1 H3086 18350F 1F362s 183461

80.0000 18670? 186164 18543P 184715

E;,.:.. 0000 1S/14? 186 2.7 18 Y.% 20 184723

90.0000 186063 18499 1 18399!i 183037

9. 0000 183819 18215(J 0 181303 18R0193

DOC EST,

Activity Factor

Prop Di~meter 85.00 100.00 115,00 130.00

75.. 0000 11F.4P 118.5, 11. . 118.53
80,0000 119.5) 119.34 119.1' 118.91

81",. 0000 119.63 119.37 119.15 118.91
90,0000 119.31 118.99 218.69 118.40

9tf.0000 11R.61 1181,.2 117.89 117.56

Part(d)
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APPEISVIX D

Projected Trends in Noise Impact Around General Aviation Airports

Evaluation of the impact of noise from general aviatian aircraft provides a
useful perspective for considering the need for apply'ing source noise control to the
dominant portion of the aircraft (ie., small propeller aircraf t) which make up this

fleet. One previous studyD- provided a quantitative estimate of the total land
area and population within the L dn 65 contour around 6,610 general aviation
airports for which traffic data were available ais of 1972. Noise impact was
assurned negligible for an additional 5,800 general aviation airports of record, ais of

192D-2 which were assumed to be private with unlighted, unpaved runways.

These estimates have been revised using more recent FAA traffic data at 1,507 of

the nation's busiest general aviation airports.D3 D-4 This resulting profile of
numbers of such airports, broken down by the number of annual operations, the

availability of jet fuel, and runway length is shown in Table D- 1. The remainder of
the 6,610 airports not included in this update were assumed to fall into the same

range of operations and airport type (i.e., no jets, runway less than 3,500 ft) as
before.

The same airport modeling techniques applied in Reference D- I were
reapplied with the updated traffic data in Table D- I to provide a new estimate of
the impacted area and population around general aviation airports. The techniques
involved in the original study included the following major elements:D- I

o An average airport was defined for each of the four airport categories

listed in Table D- I.

o A mix of operations by type of general aviation aircraft was estimated

for each airport type. The types of general aviation aircraft consisted
of large or small jets (thrust greater or less than 8,000 Ibs), large and

small turboprop and piston propeller aircraft (with engine greater or

less than 1,450 horsepower). The resulting distribution of operations
by airport and aircraft type is shown in Table D-2.

0 From References D-2 and D-5 and Table D-2, an estimate was mode

of the absolute number of operations of each aircraft type. In the

original study,D- I approximately 88 percent of these operations were

estimated to consist of flights by small propeller aircraft. Although

D- 1



Table D- I

Estimated Distribution of Annual Operations of
General Aviation Aircraft by Number and Airport Type*

Number of Airports

Jet Fuel Jet Fuel
Number of Available Available No Jets No Jets

Annual Runway Length Runway Length Runway Length Runway Length
Operations >4,750Y < 4,750' > 3,500' < 3,500'

> 400,000 6 1

200,000 - 399,999 14 2 15 2
100,000- 199,999 63 2 43 6
50,000 - 99,999 102 6 82 24

25,000 - 49,999 156 10 182 96
10,000 - 24,999 126 12 175 1,509

1,000 - 9,999 43 4 2,847
< 1,000 4 1,078
Total 514 36 498 5,562

t

Data from current FAA statistical records

D-2 S-~4..



Table D-2

Percent Distribution of Operations for Each General Aviation Airport Category
in Table D- I and for Each Aircraft Type

Small Piston Turboprop

Airport Large Single Multi- Large I Small
Category Piston Engine Engine Large Small Jets Jets Total

Lar ge
Airport
with Jets 0.3 85.7 8.6 0.7 1.8 2.0 0.9 100
5% Night
Operations

Medium
Airport 0.3 87.5 8.8 0.7 1.8 0 0.9 100
1% Night
Operations

Lar ge
Airport
without Jets 0.3 88.3 8.9 0.7 1.8 0 0 100
1% Night
Operations

Small
Airport 0 89.2 9.0 0 1.8 0 0 100
0.5% Night
Operations

I Thrust 8,000 lb
2Horsepower 1,450 hp

D-3



the current general aviation fleet now has a slightly greater proportion

of business jets, they still constitute only about 1.3 percent of the

fixed-wing general aviation fleet and operations of small propeller

aircraft still dominate the operations of general aviation aircraft.

" Standard contour calculation methods, using INM,D - 6 were then

applied to estimate noise contours for a conservative model for the

operational pattern at each airport.

" Finally, data on populations exposed to airport noiseD 1, D-7, D-8

were used to estimate the population within these contours for each of

the airport types.

" Scaling factors based on the distribution of numbers of operations by
airport typeD - 1 D-8 were then used to scale the values for each
average airport to the nation.

To provide a very rough estimate of the previous and future trends in the

population impacted by general aviation operations, the following scaling models
were used, based on results for the 1975-1980 time period and on other airport

noise impact studies.D " 1, D-7, D-8

" Average total number of operations per year per general aviation
aircraft was assumed to be 640. (If only general aviation operations at

FAA-operQted control towers had been used, this figure would have

been only about 250 per year.)

" Noise impacted area was assumed to scale as the number of operations
to the 0.9 power (Reference D-8).

" The same (nonlinear) relationship between population and contour area

employed for the 1975-1980 baseline period was used to estimate

trends in population impacted by general aviation aircraft operations.

The result of this evaluation, which is only intended to provide approximate

trends, is shown in Figure D- I in terms of the estimated number of operations of
general aviation aircraft and the population impacted by these operations. Note

that the ordinate value for some of the curves has been multiplied by a constant
for convenience in plotting. An estimate of the number of people impacted for the
notion is shown in Figure D- I for both Ldn 65 and 60 contours. The latter value
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Figure Dl. Estimates of the Historical and Projected Trends in Total Number
of Operations and People Exposed to Noise Around Air Carrier and
General Aviation Airports.
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was obtained from the some consistent trend in total national contour area vs Ldf

value that has been found in previous studies.D -7D8 For the sake of

comparison, comparable trends in the number of air carrier aircraft operations and

the total number of people within the L dn 65 contour for these operations is also

shown.

Several general observations can be made about the trends indicated in

Figure D-l1.

I . The number of people exposed to noise from air carrier operations

reached a maximum in about 1970 and has decreased subsequently as

the very significant reduction in source noise for new wide body

aircraft, and a corresponding flattening in the growth of operations,

became ef fecti ve.

2. No such pattern is indicated for the number of people exposed to noise

from general aviation aircraft. While the trend lines shown do not

reflect the current introduction of quieter propellers or quieter

business jets, there is no expectation that a major reduction in source

noise, comparable to that achieved by transition of the air carrier

fleet from pure jet engines to low and then high bypass ratio turbofan

engines, can be expected for the general aviation fleet, in the absence

of further reductions in the noise of propeller aircraft.

3. Thus, while the total national noise impact of general aviation

aircraft, as measured by number of people exposed to noise of their

operations, is much less in magnitude than for air carr ier aircrof t, it is

expected to continue growing at the rate of the order of 7 to 8 percent

per year for the next 10 years. This is comparable to the anticipated

growth rate in total number of operations of general aviation aircraft.

The influence of introducing quieter business jets and quieter propeller

aircraft based on current techn~ology, will be partly offset by the

growth in number of operations of general aviation aircraft. (There is

no basis for a lower growth in operations such as achieved by use of

wide-body aircraft in the air carrier fleet.) Further, the population

impacted within an airport noise contour grows m.ore rapidly than the

growth in the area of the contour as the latter extends farther and

farther into the community beyond the airport boundary.
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To place this rough analysis in even closer perspective for purposes of this
report, it was desirable to estimate that portion of the total number of people
exposed to general aviation aircraft noise which is attributable to operations of

small propeller aircraft (i.e., propeller aircraft with a maximum takeoff weight
less than 12,500 Ib). Based on the same data and procedures outlined above, it was

estimated that:

a About 50 percent of the total noise impacted area (and corresponding

population) exposed to noise from general aviation aircraft is due to

operations by small propeller aircraft. (The total area within the Ldn

60 contour for all general aviation airports is estimated to be about
800 square miles in 1980.)

0 At least 75percent of all general aviation airports (currently over
14,000 in number) are served exclusively by such aircraft.

0 Of the remaining general aviation airports, small propeller aircraft

generate about 94 percent of the operations (i.e., single noise events)

and about 40 percent of the contour area.

In summary, while the total magnitude of the population exposed to small

propeller aircraft noise (i.e., currently estimated to be at least 130,000 people

inside the Ldn 60 contour) is much less than for air carrier aircraft, the noise

impact from such aircraft is still significant due to its continuing growth rate, its

extensiveness over many communities, and the expected higher sensitivity of
people in relatively quiet communities adjacent to small general aviation airports.

These conclusions are consistent with the increased concern about general

aviation aircraft noise reflected, for example, in recent conferences on the topic

held in the U. S. D-10 and the extensive research and investigation on the problem
in France, D-11Germany, D-12 Switzerland, D-13 and the Netherlands. D D14

One aspect of the noise impact from general aviation aircraft not brought

out by this simplified analysis is associated with the most critical locations around
general aviation airports from the standpoint of noise impact. The main body of

this report has pointed out that noise levels generated during takeoff by most

propeller-driven small airplanes (except, perhaps, fixed pitch propeller aircraft) are

A more conservative estimate of the relationship between population and contour
area around general aviation airports would indicate a total population, within the
Ldn 60 contour, in 1980, of roughly twice this value which is in approximate
agreement with preliminary results of a current, more detailed study of general
aviation noise impact undertaken by EPA (Reference D-9).
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generally higher than during cruise. Depending on the size and mission of the
aircraft, the distance from brake release where the takeoff power (ie., propeller
rpmI) is cut back to cruise conditions, will vary substantially.

However, it is possible to generalize to this extent concerning noise impact
under the takeoff path. An extensive statistical survey of population density
arounrd a large number of airports was reported in Reference D- 1. These data
showed that for the smaller airports, with (commercial) operations in the range of
10 to 39 per daiy, a peak population density in the range of 500 to 800 people per

square mile is not reached until one is about 2 miles (approximately 10,000 f t) f rom
the center of the runway. Assuming an average runway length for such small
airports of 4,000 ft, this places the peak population density at about 12,000 feet
(3.7 km) from brake release. At this distance, one can expect that the smaller
propellIer-dri ven general aviation aircraft will have normally reached their cruise
altitude (and hence cruise power setting). Thus, noise impact underneath the flight
path of these smaller aircraft, which often spend a substantial portion of time in
pattern flying near the airport, is most likely to be associated with cruise power
settings. This is, of course, even more likely f or the case of fixed pitch propeller-
driven aircraft based on the pattern reported herein from the flight test program
(i.e., higher propeller rpm during cruise f or the Cessna 172P at MNOP than during
takeoff).

This rough generalization could be used as an argument to retain the level
flight noise certification test procedures f or the smaller propeller-driven aircraft.
However, this neglects the true situation around many small airports where sideline
distances to substantially populated residential areas are often quite short. Thus,
noise exposure along these sideline areas due to the higher noise levels generated
during takeoff by most propeller-driven small aircraft, again possibly excepting
fixed pitch propeller aircraft, may very well be a dom'nant part of community

noise impact of general aviation aircraft.

Clearly, more definitive information on the actual location, relative to the
takeoff flight path, of residential areas most exposed to general aviation noise is
needed.
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APPEND)IX E

Illustrative Example of Tradeoff Between Engine Power and

Aircraft Weight to Maintain Performance

Perhaps one of the more severe penalties that might occur as a result of

imposing s ource noise control technology is associated with a loss in engine power.

Far an aircraft designed close to its limiting minimum climb rate of 300 ft/mmn

required by FAR Part 23, any such power loss can require a related reduction in

gross takeoff weight in order to maintain the minimum climb rate. However,

seemingly small reductions in horsepower can result in very substantial losses in

cabin payload or fuel load - either factor presenting a serious lass in aircraft

productivity. This loss could be overcome, however, by corresponding reductions in

empty weight. This is best illustrated by on example.

The typical tradeoff relationship between a reduction in horsepower and the

necessary percent reduction in gross weight in order to maintain the same climb

rate far a typic-I single engine, four-place, retractable landing gear propeller

aircraft is about 7 percent weight reduction for a 10 percent horsepower

reduction.' This relationship was applied to the case of an aircraft with an original

gross weight of 3,300 lb, empty weight of 2,000 lb, fuel load of 500 lb, and cabin

payload of 800 lb. The results, summarized in Table E- 1, show the decrease in

either of these latter two weight parameters for just a 3 percent reduction in

horsepower and with or without 3 percent decrease in empty weight. The results

are that, for the Case (1) for a constant fuel load (or nearly constant range), the

reduction in cabin payload is either about 8 or only 0.7 percent, depending on

whether the 3 percent weight reduction is included.

If the cabin payload is maintained constant (Case 11), the necessary decrease

in fuel load (proportional to range) would be about 13 percent without any weight

reduction or 1.2 percent with a weight reduction. While vastly simplified, this

example serves to point out the fact that small decrements in aircraft performance

can hove a large relative impact on aircraft productivity, but that this penalty con

be nearly offset if weight reductions, equal or greater than the engine power

reduction on a percentage basis, can be utilized. The potential benefit of applying

new high strength to weight materials for major structural portions of an aircraft

is clear.

Marinelli, J. and Benefiel, R. L., "Designing far Noise and Emission Control in
General Aviation," Beech Aircraft Co., AIAA Paper 73-1158, 1973.
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Table E- I

Illustration of How a Decrease in Empty Weight of 3 Percent Can Nearly Offset a
Decrease in Engine Horsepower of 3 Percent When Same Takeoff Climb Rate is

Maintained for a Typical Small Propeller-Driven Aircraft

After 3% Reduction in Horsepower
Weight Element Original

(in pounds) Weight Same Empty Weight 3% Decrease

Gross Weight 3,300 3,234* 3,234
Empty Weight 2,000 2,000 1,940 (-3.0%)
Useful Load 1,300 1,234 (-5.0%) 1,294 (-0.5%)

Case I - Maintain
3ame Fuel Load 500 500 500
Cabin Payload 800 734 (-8.2%) 794 (-0.7%)

Case II - Maintain
Sam-e- Cabin Payload 800 800 800
Fuel Load (Range) 500 434 (-13.2%) 494 (-1.2%)

Based on typical tradeoff between gross takeoff weight and engine horsepower of
about 7 percent weight reduction to maintain the same takeoff climb angle for a
10 percent reduction in horsepower.
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